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INTRODUCTION 


BACKGROUND 


1.  In  1979,  the  National  Aeronautics  and  Space  Administration 
(NASA)  in  cooperation  with  the  B.  F.  Goodrich  Company  (BFG) 
initiated  a  program  to  evaluate  the  feasibility  of  pneumatic 
deicing  systems  for  helicopter  rotor  blades.  The  concept  was 
revived  by  development  of  an  erosion  resistant  polyurethane 
elastomer  (trade  name  ESTANE).  Wind  tunnel  icing  tests  conducted 
by  NASA's  Lewis  Research  Center  and  BFG  indicated  that  it  might 
be  feasible  to  produce  a  pneumatically  deiced  rotor  blade  using 
ESTANE  for  the  deicer  (ref  1,  app  A).  To  flight  test  the  concept, 
NASA-Ames  Research  Center  requested  the  assistance  of  the  U.S. 
Army  Aviation  Systems  Command  (AVSCOM)  (ref  2,  app  A).  AVSCOM 
subsequently  tasked  the  U.S.  Army  Aviation  Engineering  Flight 
Activity  (AEFA)  to  conduct  flight  tests  to  further  evaluate  the 
feasibility  of  the  pneumatic  deicing  concept  for  helicopter 
rotor  systems.  Limited  artificial  icing  tests  during  the  1982-83 
winter  were  conducted  at  a  hover  with  pneumatic  deicers  Installed 
on  a  JUH-1H  (AEFA  Project  No.  81-11)  helicopter.  Icing  tests 
showed  that  the  pneumatic  deicers  successfully  deiced  the  rotor 
blades  under  all  conditions  tested  (ref  3).  Several  problem 
areas  were  identified  during  these  tests  which  were  corrected 
by  design  change  and  component  replacement  (ref  3). 

2.  Overall  support  of  the  pneumatic  testing  and  research  for 
pneumatic  deicer  was  transferred  to  NASA-Lewis  from  NASA-Ames  in 
1983  while  NASA-Ames  still  provided  technical  assistance.  AEFA 
was  tasked  through  AVSCOM  by  NASA-Lewis  to  test  and  evaluate  the 
pneumatic  concept  for  helicopter  rotor  system  during  the  1983-1984 
icing  season  in  artificial  and  natural  icing  conditions  during 
forward  flight.  After  completion  of  forward  flight  icing  tests 
BFG  further  refined  the  design  of  the  deicer  boots  in  an  effort 
to  reduce  performance  penalties  and  solve  the  problem  of  internal 
bleeder  material  breakdown. 


TEST  OBJECTIVE 


3.  The  objectives  of  this  test  were  to  conduct  feasibility  test¬ 
ing  of  the  pneumatic  system  concept  for  deicing  helicopter  rotor 
blades  in  forward  flight,  and  to  assess  any  changes  to  aircraft 
performance  and  handling  qualities. 


DESCRIPTION 


4.  The  test  JUH-1H  is  a  thirteen-place,  single-engine  helicopter 
using  a  single  two-bladed  teetering  main  rotor  and  pusher  anti¬ 
torque  rotor.  The  maximum  gross  weight  of  the  helicopter  is 
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9500  pounds*  Power  is  provided  by  a  Lycoming  T53-L-13B  free 
turbine  engine  rated  at  1400  shaft  horsepower  (shp)  on  a  sea 
level  standard  day.  The  helicopter  is  limited  by  the  transmission 
to  1100  shp.  A  more  detailed  description  may  be  found  in 
reference  4,  appendix  A.  The  test  JliH-lH  helicopter  USA  S/N 
70-16318  manufactured  by  Bell  Helicopter  Textron,  Incorporated 
(BHTI)  has  been  modified  to  incorporate  A  partial  ice  protection 
system  (Kit  A)  described  in  reference  5t  a  rotor  brake,  cabin 
mounted  and  hub  mounted  video  cameras  and  the  Pneumatic  Boot 
Deicing  System  (PBDS).  Video  cameras  were  only  mounted  during 
Phase  2  icing  tests. 

5.  The  second  (and  later,  third)  generation  prototype  ESTANE® 
deicer  boot  and  leading  edge  airfoil  nose  piece  were  applied  to 
the  leading  edge  of  a  standard  UH-1H  rotor  blade  and  were  intended 
to  remove  accumulated  ice  through  pneumatic  expansion  (inflation) 
of  chordwise  and  spanwlse  tubes,  a  cross-section  of  the  second 
generation  deicer  is  shown  in  figure  7,  appendix  B.  A  cross- 
section  of  the  third  generation  deicer  is  shown  in  figure  9. 
The  PBDS  also  includes  a  modified  main  rotor  mast,  electrical 
and  pneumatic  slip  rings,  associated  controllers,  electrical 
components,  and  air  supply  components  for  providing  engine  bleed 
air  to  the  PBDS  components  as  shown  in  the  simplified  drawing  in 
figure  10.  Compressor  bleed  air  from  the  engine  is  routed  to 
the  deicers  in  a  single  inflation  activation  cycle.  A  normal 
activation  cycle  consists  of  inflation  Qf  the  deicer  boots  for 
approximately  two  seconds,  followed  by  subsequent  deflation  of 
12  to  16  seconds.  A  more  detailed  description  of  non-standard 
features  of  the  test  aircraft  and  the  pneumatic  deicing  boots  is 
contained  in  appendix  B. 


TEST  SCOPE 


6.  The  PBDS  evaluation  consisted  of  four  basic  phases  (table  1). 
The  flight  loads  survey  for  the  second  prototype  PBDS  (Phase  1A) 
was  conducted  at  Edwards  Air  Force  Base  (raFB),  California  during 
the  period  of  15  November  through  15  December  1983.  The  flight 
loads  survey  for  the  third  prototype  PBDS  (phase  IB)  was  conducted 
at  EAFB  during  the  period  16  June  through  12  September  1985  and 
1  to  7  March  1986.  Artificial  and  natural  icing  tests  (Phase  2) 
were  conducted  from  3  January  through  19  March  1984  in  Duluth, 
Minnesota.  Phase  3,  rain  erosion  tests  were  conducted  at  EAFB, 
California  from  12  through  27  June  1984,  and  Phase  4,  performance 
and  handling  qualities  tests  on  the  second  prototype  PBDS  were 
conducted  at  EAFB,  California  during  10  through  28  August  1984 
and  at  Bakersfield,  California  during  3l  March  through  6  April 
1985. 
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Table  1.  Test  Phases 


Test 

Phase 

Test 

Blade  Configuration 

1A 

Structural  Loads 
Survey 

Second  Generation  Deicer 

IB 

Third  Generation  Deicer 

2 

Forward  Flight 
Artificial  and 
Natural  Icing  Tests 

Second  Generation  Deicer 

3 

Artificial  Rain 
Erosion  Tests 

Second  Generation  Deicer 

A 

Performance  and 
Handling  Qualities 

Clean  Blades 

Second  Generation  Deicer 

3 


7.  AEFA  had  overall  responsibility  ior  conduct  of  the  test  to 
include  maintenance  and  Instrumentation  of  the  test  helicopter. 
The  main  rotor  system  was  instrumented  for  structural  loads  by 
BHTI.  BFC  furnished  technical  assistance  and  deicer  maintenance 
expertise  during  the  four  phase  test  cycle.  NASA-Lewls  provided 
funding  for  the  evaluation.  Technical  and  engineering  support 
was  provided  by  NASA-Ames,  AVSCOM  and  AEFA.  MASA-Ames  provided 
a  dynamicist  to  monitor  structural  loads  during  Phase  1A  and  2 
testing.  AVSCOM  provided  a  dynamlcist  for  Phase  IB  testing. 

8.  The  test  aircraft  was  operated  within  the  limitations  of  the 
operator's  manual  (refs  4  through  7,  app  A)  as  amended  by  the 
airworthiness  release  (ref  8).  Flight  tests  were  conducted  at 
the  general  test  conditions  shown  in  table  2. 


TEST  METHODOLOGY 


9.  Established  flight  test  techniques  (refs  9  and  10)  were  used 
wherever  possible  throughout  this  evaluation.  Test  methods  used 
are  briefly  discussed  in  the  Results  and  Discussion  section  of 
this  report,  while  unique  and  performance  test  methods  are  dis¬ 
cussed  in  detail  in  appendix  E.  The  Handling  Qualities  Rating 
Scale  (HQRS)  (fig.  1,  app  E),  and  the  Vibration  Rating  Scale 
(VRS)  (fig.  2)  were  used  to  supplement  pilot's  qualitative  com¬ 
ments.  Flight  test  data  were  recorded  by  hand,  video  and  still 
cameras,  and  on-board  magnetic  tape.  Six  rotor  system  component 
loads  were  monitored  real-time  via  telemetry  (TM)  during 
Phases  1A,  IB,  and  2  to  verify  that  loads  were  within  allowable 
limits.  A  detailed  listing  of  test  instrumentation  is  contained 
in  appendix  D.  Data  analysis  methods  used  are  presented  in 
appendix  E. 
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Table  2.  Test  Conditions^ 


Average 

Average 

Trla 

Cross 

Density 

Calibrated 

Weight 

Altitude 

Alr.p«.d 

Dalcar  toot 

Teat 

(lb) 

(ft) 

(kt.) 

Imtki 

Configuration 

Loads  Survey 

Second  generation  FIDS2  ground 

Deflated,  Inflated 

(Phase  1A) 

70*0-9500 

300-7100 

0-100 

and  Inflight  structural  tests 

end  etntad 

Loads  Survey 

Third  generation  FIDS  ground 

Deflated,  Inflated 

(Fhaee  IB) 

7550-8600 

*350-10,200 

0-80 

•nd  Inflight  atructural  teete 

•nd  vented 

Forvard  Flight 

Artificial  and  natural  Icing 

Deflated  and 

Icing 

7100-8100 

0-10,600 

70-90 

condition* 

Inflated 

Rain  Erosion 

7100-8000 

7300-9300 

80 

Behind  modified  MISS3 

Deflated 

Standard  blades.  In-ground 

1*50 

0 

effect  (5-foot  ekld  height), 
tethered  method 

None 

Hover  Performance 

N/A 

*180 

0 

FIDS  defleted.  In-ground  effoct 
(5-foot  ekld  height),  tethered 
method 

Dsflsttd 

7380 

5860 

35-110 

8010 

7180 

35-90 

Stenderd  bledee 

7190 

10,790 

35-80 

Zero  eldeelip 

None 

8360 

11,170 

35-80 

8980 

11,730 

35-80 

Level  Flight 

Performance 

7710 

6030 

35-110 

7950 

8630 

35-90 

FBDS  defleted 

8280 

11, *70 

35-80 

Zero  eldeelip 

Deflated 

0-20  KTA5*  aldeward 

Low  Speed 

and  rearward 

9,  90,  180,  270  degree  atlautht. 

Deflated  end 

Flight 

7150-8000 

300 

0-50  KTAS  forward 

vented 

*  Control  Positions 

in  Trimmed 
Forward  Flight 

7580 

6460 

38-110 

Defleted 

Controllability 

7700-7900 

8360 

80 

Lateral  and  longitudinal 

Defleted 

Maneuvering 

Stability 

7960 

8740 

80 

Windup  turns 

Deflated 

NOTES: 

lNorn«l  utility  configuration!  aid  center  of  gravity. 
^PBDS :  Pneumatic  Boot  Deicing  Systea. 

^HISS:  Helicopter  Icing  Spray  Syatea. 

*KTAS;  Knots  true  airapaad. 
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RESULTS  AND  DISCUSSION 


GENERAL 


10.  The  JUH-1H  redesigned  Pneumatic  Boot  Deicing  System  evaluation 
tested  two  prototype  pneumatic  deicer  designs,  referred  to  as 
second  and  third  generation.  The  program  was  conducted  in  four 
phases  (table  1)  under  the  conditions  shown  in  table  2.  Phase  1 
(divided  into  Phases  1A  and  IB)  was  a  ground  and  inflight  struc¬ 
tural  loads  survey  which  established  an  operational  envelope. 
Monitored  structural  loads  during  Phase  1A  demonstrate  that  the 
test  helicopter  with  the  second  generation  PBDS  installed  may  be 
safely  flown  through  the  established  envelope.  During  Phase  IB, 
however,  excessive  pitch  link  loads  were  encountered  in  unacceler¬ 
ated  forward  flight.  Phase  2,  conducted  in  the  vicinity  of 
Duluth,  Minnesota,  consisted  of  artificial  and  natural  icing 
conditions  tests  of  the  second  generation  deicers.  These  tests 
demonstrated  that  the  PBDS  satisfactorily  deiced  the  main  rotor 
blades  under  all  conditions  tested.  Phase  3  consisted  of  limited 
rain  erosion  tests.  This  testing  showed  a  minor,  almost  imper¬ 
ceptible  pitting  of  the  outboard  section  of  the  deicer  boots. 
Phase  4  consisted  of  performance  and  handling  qualities  testing 
of  the  second  generation  only.  Performance  testing  of  the  test 
helicopter  were  also  conducted  with  standard  clean  blades  to 
provide  a  baseline  for  comparison.  These  tests  demonstrated 
that  the  second  generation  PBDS  showed  a  significant  reduction 
in  drag  from  earlier  reported  testing  of  a  previous  PDDS  design 
(ref  3,  app  A).  Handling  qualities  were  essentially  unchanged 
from  the  standard  UH-lH  helicopter.  System  reliability  and 
maintainability  were  documented  throughout  the  evaluation. 
Eight  problem  areas  were  identified. 


PHASE  1  STRUCTURAL  LOADS  SURVEY 


General 


11.  Loads  survey  tests  were  conducted  to  establish  a  flight 
envelope  for  the  UH-lH  helicopter  with  the  redesigned  PBDS  in¬ 
stalled  and  were  evaluated  at  the  test  conditions  listed  in 
tables  3  and  4. 

12.  For  test  purposes  three  blade  deicer  configurations  were  used: 
(1)  deflated  with  vacuum,  (2)  inflated,  representing  the  pneumat¬ 
ically  expanded  boot  condition  reached  just  after  PBDS  activation 
(a  PBDS  activation  cycle  is  transient  and  consists  of  a  single 
deicer  inflation  immediately  followed  by  deflation) ,  and 
(3)  vented,  representing  a  failure  mode  caused  by  loss  of  engine 
bleed  air  allowing  the  boots  to  partially  inflate.  PBDS  tempera¬ 
tures  were  monitored  at  selected  locations  as  described  in 
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Table  3.  Loads  Survey  Ter>t  Conditions  (Phase  1A) 


Average 

Average 

Trim 

Gross 

Density 

Calibrated 

Rotor 

Weight 

Altitude 

Airspeed 

Spc  id 

Pneumatic  Boot 

Test 

(lb) 

(ft) 

(kts) 

(rpm) 

Configuration 

Dynamic  System 

■  •-  | 

Engine  Compatibility 

8710-9500 

920 

0 

■ 

Deflated 

(Tied  Down) 

Inflated 

Air  Supply 

Rapid  Throttle 

Shutoff 

Reductions 
(Tied  Down) 

8960-9000 

1400 

0 

324 

Hover 

7880-8000 

1850 

0 

324 

Dynamic  System 
Engine  Compatibility 

0-20  KTAS 
Sideward  and 

1 

Low  Speed  Flight 

7150-8000 

300 

Rearward 

0-40  KTAS 

324 

Deflated 

Forward 

Inflated 

Air  Supply 

Shutoff 

Level  Flight 

7080-8000 

7060 

50-100 

Climbs  and  Descents 

7010-8000 

980-7800 

60,90 

Maneuvering  Turns 

7040-7950 

7100 

90 

324 

Auto  Entry,  Delay 

7500-7610 

5200 

70,80,90 

Stabilized 

Air  Supply 

Autorotations 

7500-7950 

1000-5200 

60,90 

Shutoff 

Table  4.  Loads  Survey  Test  Conditions  (Phase  IB) 
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appendix  D  to  determine  if  temperatures  were  in  excess  of  system 
component  qualification  values.  For  Phase  1A  a  structural  dynam- 
icist  from  NASA-Ames  monitored  loads  via  TK  to  verify  that  loads 
during  each  test  point  were  within  allowable  limits  and  would  pre¬ 
dictably  remain  so  during  the  next  test  point.  Further  structural 
loads  and  dynamic  analysis  was  completed  by  AVSCOM  engineers.  Mon¬ 
itoring  of  measured  loads  demonstrated  that  the  test  helicopter 
with  the  second  generation  PBDS  from  a  structural  loads  standpoint 
may  be  flown  through  the  established  test  envelope.  No  unusual  or 
unexpected  dynamic  responses  of  the  main  rotor  or  control  systems 
were  noted  as  a  result  of  the  redesigned  PBDS  installation.  Since 
aerodynamic  changes  to  the  boot  were  minimal  for  the  third  genera¬ 
tion,  discussions  with  the  AVSCOM  structural  dynamlclst  led  to 
the  conclusion  that  only  a  limited  loads  survey  was  required. 
However,  during  forward  flight  testing  with  third  generation 
boots,  pitch  link  loads  were  encountered  In  excess  of  the  endur¬ 
ance  limit  in  unaccelerated  forward  flight  in  all  three  boot 
conditions.  After  modifications  to  the  boot  installation,  further 
tests  were  begun  but  had  to  be  terminated  due  to  failure  of 
Instrumentation  sllprlngs. 

Ground  Structural  Tests 


13.  Phase  1A  ground  tests  were  conducted  at  a  9500  pound  aircraft 
gross  weight  with  the  aircraft  lightly  secured  by  a  clevis  to  a 
tie-down  anchor.  Rotor  loads  associated  with  the  three  boot  con¬ 
ditions  were  monitored  via  TM  during  starting  and  acceleration  to 
engine  idle,  to  normal  operating  speed  and  to  the  maximum  govern¬ 
ing  speed.  The  engine  was  shutdown  and  the  rotor  system  Inspected 
at  the  end  of  each  acceleration  to  the  different  rotor  speed 
settings.  Once  safe  operation  was  established,  engine  power  was 
then  increased  In  increments  of  approximately  5  pounds  per  square 
Inch  (psl)  of  engine  torque  within  allowable  limits  of  engine 
power  and  tether  load  at  the  above  rotor  speeds.  All  loads  moni¬ 
tored  during  Phase  1A  ground  structural  tests  remained  below 
endurance  limits  as  shown  In  tables  1  and  2,  appendix  F. 

14.  Dynamic  system/engine  compatibility  tests  were  completed 
during  Phase  1A  at  main  rotor  speeds  of  294  and  324  rpm  at  three 
power  settings  (minimum,  mid  range  and  maximum)  by  cycling  the 
collective  control  and  antitorque  pedals  at  the  critical  frequency 
of  the  dynamic  system.  For  each  power  setting  at  324  rpm  the 
boots  were  Inflated  and  deflated  during  an  activation  cycle,  and 
throttle  reductions  were  made.  No  unusual  dynamic  response  was 
noted  throughout  these  tests. 

15.  Phase  IB  ground  tests  were  conducted  at  an  8600  pound  gross 
weight  with  the  rotor  at  flat  pitch.  Rotor  loads  were  monitored 
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during  start,  acceleration,  and  over  the  governing  range  of 
operating  speeds.  All  three  boot  configurations  were  tested  at 
310  and  320  rpm.  All  loads  monitored  remained  below  the  endurance 
limits,  as  shown  in  tables  3  and  4,  appendix  F. 

16.  During  the  ground  runs,  an  activation  cycle  of  the  second 
generation  PBDS  at  flat  pitch  resulted  in  an  engine  torque 
pressure  increase  of  1.2  psi  over  the  baseline  of  8.9  psi  required 
to  maintain  constant  rotor  speed  of  322  rpm.  Elapsed  time  required 
for  engine  torque  to  return  to  the  baseline  (deicer  boot  deflation 
time)  was  12  to  16  seconds  as  shown  in  figure  1,  appendix  F. 
The  third  generation  PBDS  displayed  a  1.2  psi  increase  over  the 
12.7  psi  baseline.  Boot  deflation  time  was  the  same  as  for  the 
second  generation  PBDS. 

Inflight  Structural  Tests 

17.  Phase  1A  inflight  structural  load  tests  (second  generation 
PBDS)  were  conducted  at  the  conditions  shown  In  table  2.  Dynamic 
system/engine  compatibility  tests  at  a  hover  Included  collective 
control  and  antitorque  pedal  Inputs  and  deicer  boot  inflations 
similar  to  those  of  the  ground  tests.  Forward  flight  testing 
involving  PBDS  activation  cycles,  as  well  as  the  deflated  and 
vented  configurations,  were  conducted.  All  inflight  loads 
monitored  during  phase  1A  were  below  endurance  limits  except  for 
pitch  change  link  load  during  steady  state  climbs  at  60  knots 
Indicated  airspeed  (KIAS)  at  38  psi  torque,  and  90  KIAS  at  35 
to  37  psi  torque.  The  steady  state  endurance  limit  was  exceeded 
by  20%  at  these  conditions.  Rotor  system  loads  are  shown  In 
tables  3  through  9,  appendix  F.  Phase  IB  inflight  structural  loads 
tests  (third  generation  PBDS)  were  conducted  at  the  conditions 
presented  in  table  3.  All  loads  remained  below  endurance  limits 
during  hover,  sideward  accelerations,  forward  accelerations  and 
decelerations.  Main  rotor  pitch  link  endurance  limits  were 
reached  or  exceeded  in  level  flight  at  80  KIAS  in  the  deflated 
configuration,  80  KIAS  in  the  Inflated  configuration,  and  60  KIAS 
in  the  vented  configuration.  Rotor  system  loads  are  shown  in 
tables  10  and  11,  appendix  F.  Testing  was  halted  to  determine 
the  cause  of  excessive  loads.  Examination  of  the  Installation 
revealed  an  approximately  l/16th  inch  high  ridge  corresponding 
to  the  aft  edge  of  the  nose  piece  on  the  upper  surface  of  both 
blades  (fig.  A).  It  is  suspected  that  this  ridge  disturbed  the 
airflow  enough  to  cause  the  excessive  loads.  BFG  fabricated 
another  set  of  deicers  and  installed  them,  paying  particular 
attention  to  the  centering  of  the  nose  piece.  Testing  was  resumed, 
but  failure  of  the  electrical  slipring  that  transmitted  blade 
loads  to  the  instrumentation  caused  termination  of  testing  before 
any  useful  data  could  be  gathered.  The  high  pitch  link  loads  in 
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11 


Figure  A.  Ridge  at  Leading  Edge  of  Boot 


unaccelerated  flight  are  unsatisfactory.  Future  tests  are  planned 
to  Investigate  this  problem. 

Pneumatic  Boot  Deicing  System  Temperatures 

18.  PBDS  temperatures  were  monitored  at  selected  locations  to 
determine  if  temperatures  were  in  excess  of  system  component 
qualification  values.  Monitored  temperatures  were  below  component 
qualification  values  during  Phase  1  testing.  Representative 
system  temperatures  are  shown  in  table  5. 


PHASE  2  ARTIFICIAL  AND  NATURAL  ICING  TESTS  IN  FORWARD  FLIGHT 


General 


19.  Test  flights  in  the  icing  environment  were  conducted  during 
January  through  March  1984  in  the  vicinity  of  Duluth,  Minnesota. 
The  temperatures  of  interest  for  these  tests  were  from  -5*  to 
-20°  C,  with  liquid  water  content  (LWC)  values  from  0.25  gm/m^ 
to  1.0  gm/m^.  The  deicing  capabilities  of  the  PBDS  were  evaluated 
at  the  conditions  shown  in  tables  6  and  7  and  figures  B  and  C. 
Ice  accretion  and  deicing  action  of  the  PBDS  were  documented  by 
video  and  still  cameras  (app  D).  Overall  the  PBDS  successfully 
deiced  the  main  rotor  blades  at  conditions  shown  in  figures  B  and 
C  in  the  artificial  and  natural  icing  environment,  however,  de¬ 
icing  action  at  lower  ice  accretion  levels  resulted  in  Incomplete 
ice  removal  from  the  main  rotor  blades  leaving  areas  of  residual 
accreted  ice  on  the  rotor  blades.  These  areas  were,  however, 
removed  upon  additional  ice  accretion  and  subsequent  pneumatic 
deicer  activation. 

Artificial  Icing  Tests 

20.  Artificial  icing  tests  behind  the  Helicopter  Icing  Spray 
System  (HISS)  as  shown  in  photo  1,  appendix  G,  were  conducted 
during  January  and  February  1984  in  the  vicinity  of  Duluth, 
Minnesota.  Artificial  icing  test  conditions  are  presented  in 
table  6  and  figure  C.  A  total  of  36  individual  artificial 
icing  cloud  immersions  and  66  PBDS  activation  cycles  were 
completed . 

21.  The  artificial  icing  procedure  involved  immersing  the  heli¬ 
copter  main  rotor  blades  in  the  HISS  cloud  for  a  time  interval 
sufficient  to  accrete  an  estimated  minimum  of  0.25  inches  at  the 
raid  span  point  on  the  rotor  blades.  Previous  UH-1H  test  data  of 
immersion  times  that  resulted  in  a  0.25  inch  ice  thickness  are 
available  in  reference  7,  appendix  A.  Immersion  times  and  chase 
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Table  5.  Maximum  Recorded  Bleed  Air  Temperatures 


Flight  Condition 

Outside  Air 
Temperature 

C  C) 

Bleed  Air 
Temperature 
at  Engine 
Deck 

Cc> 

Bleed  Air* 
Temperature 
at  Regulator 

Cc) 

Bleed  Alr^ 
Temperature 
at  Ejector  Flow 
Control  Valve 
CC) 

Ground  Run 

29.8 

86 

39 

31 

Hover 

31.9 

89 

42 

33 

Low  Speed  Flight 

35.5 

105 

47 

36 

Level  Flight 

19.5 

59 

30 

32 

NOTES: 

i-Maximum  qualification  temperature  of  regulator  ■  288*C. 

^Maximum  qualification  temperature  of  ejector  flow  control  valve  ■  71*C. 
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Table  6.  Artificial  Icing  Test  Conditions 


LUC  at 
Alrcraf  t 

1 


Observed* 

to 


Observed 

Ice 

Reulnlni  After  Deice  Cycle 


chase  pilot  co«Mnta,  still  photographs,  chase  sad  cast  aircraft  aeutsf  rlleo. 
*9. A.  •  Dsts  mot  svsUsblo. 
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Table  7.  Natural  Icing  Conditions 


Average 

LUC 

Hcaaurad  by 
U-21 
(g/o3) 

Average 

LUC  at 
Aircraft 

(go/-3) 

OAT 

CC) 

laaerelon 

Tlae 

(oin) 

Obeervod  Ice* 

Oboerved  Ic*  Reaalnlng 

After  Deice  Cycle 

0.07 

-13.4 

15.  • 

Ice  to  70Z  open 

Soae  Ice  inboard  on  one  blade 

nm 

Some  lea  on  Inboard  one  foot 

0.20 

N.A. 

-14.2 

17 

1/4*  thick 

N.A.2 

■34W 

T7 

N.A. 

-12.5 

6 

Thin  ice  to  80Z  *pan 

Soall  piece*  to  50Z  apan 

0.90 

0.11 

-2.6 

20 

Very  thin  coat  to  30Z 

Thin  lino  renal nine  Inboard  2  ft 

-2.5 

* 

Vary  thin  coat  to  30Z 

Soall  place*  to  20Z 

0.271 

0.32 

wm 

14.5 

N.A. 

N.A. 

-5.6 

7 

Ice  to  50Z 

-J.4 

3.9 

N.A. 

-4*7 

3*4 

N.A* 

-5.6 

1.5 

Ice  to  6bt 

-5.6 

1.7 

Ice  to  60Z 

-6.1 

T77 

N.A. 

-6*4 

2 

1c*  to  50Z 

-S.7 

3.8 

1c*  to  60Z 

BB1 

3.7 

Ice  to  60Z 

4.8 

Ice  to  50Z 

— —  1  1  1  1  ■  1  1^— 1 

0.26 

■ 

-1.0 

12 

Froat  to  60Z 

N.A. 

"15 

1> 

Front  to  30Z 

Clean 

-J.! 

M 

y>MTT?T7TrTW!»y  ■ 

-5.0 

8.5 

Frost  to  SOX 

-1.5 

4.4 

Froat  to  S0Z 

0.1 

-13.0 

39.3 

Ice  to  70Z,  than  froa 

50  to  70Z 

Closn  I 

BW 

N.A. 

0.036 

0.07 

-20.5 

EM 

Ic*  to  93S 

Very  oaall  patch**  to  30Z  avail 
ploc*  on  on*  non-lnflat*bl*  eectlon 

sons  i 

lFroo  chat*  pilot  coonant*,  otlll  photograph*  and  chaa*  toot  alrcroft  Mounted  video. 
2N.A.  •  Data  not  available. 
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□  a 


pilot  reports  of  blade  ice  accretion  were  used  to  estimate 
0.25  Inches  at  the  midspan  point.  A  0.25  inch  ice  accretion  is 
the  minimum  thickness  typically  recommended  by  BFG  for  cycling 
pneumatic  deicing  boots  on  fixed-wing  aircraft.  It  was  felt 
that  the  accretion  level  would  not  cause  aircraft  limits  to  be 
reached  or  result  in  high  vibrations  or  loads  if  an  asymmetrical 
blade  ice  shed  occurred.  The  limits  on  monitored  parameters 
were:  an  increase  in  engine  inlet  differential  pressure  of 
10  inches  of  water;  or,  an  increase  of  5  psl  engine  torque. 
After  a  clean  deice  cycle  the  rotor  blades  were  immersed  in  the 
cloud  until  engine  torque  increased  5  percent  or  moderate  vibra¬ 
tion  levels  were  encountered.  The  blades  were  then  deiced.  Once 
this  "endurance  time"  was  defined  for  a  particular  condition  the 
time  to  the  next  deice  cycle  was  reduced  to  examine  the  effects 
of  lower  accretion  levels.  Baseline  power  checks  were  performed 
periodically  prior  to  and  after  the  deice  cycle.  Multiple 
deice  cycles  were  also  accomplished  while  remaining  in  the  HISS 
cloud  to  study  deicer  effectiveness  at  both  high  and  low  accretion 
levels. 

22.  At  accretion  levels  estimated  to  be  greater  than  0.25  inches 
at  midspan,  activation  of  the  PBDS  normally  resulted  in  complete 
removal  of  the  ice  cap  from  the  leading  edge  of  the  main  rotor 
blade.  Any  ice  remaining  was  usually  in  the  form  of  small  ice 
patches  or  a  frost  like  residue  on  the  inboard  blade  section.  As 
shown  on  the  video  systems,  ice  fracturing  normally  began  inboard 
(photos  2  through  5,  app  G)  as  the  pneumatic  deicer  inflated  at 
accretion  levels  greater  than  the  estimated  0.25  Inches.  At  the 
lower  accretion  levels,  ice  of  less  than  0.06  inches  thickness 
was  sometimes  retained  especially  in  areas  near  the  blade  grip, 
as  shown  in  photo  6.  Subsequent  deicer  cycles  after  further  ice 
accretion  removed  these  small  accumulations  (photo  7).  The  cover¬ 
age  of  ice  remaining  after  a  single  deice  cycle  was  documented 
by  cabin  mounted  high  speed  video,  hub  mounted  video  and  chase 
high  speed  video  cameras  in  addition  to  the  chase  aircraft  crew. 
Attempts  were  made  to  document  the  Increase  in  power  required 
over  clean  deicers  when  accreted  ice  was  retained  after  a  single 
deice  cycle.  These  were  reasonably  successful  when  the  test 
aircraft  moved  far  enough  away  from  the  HISS  so  as  not  to  be 
Influenced  by  its  down wash.  Ice  retention  after  a  single  deice 
cycle  under  conditions  of  low  ice  accretion  is  due  to  a  limitation 
of  the  pneumatic  deicing  system  to  fracture  and  remove  thin  ice 
accretions.  Fixed  wing  aircraft  using  pneumatic  deicers  have 
the  same  problem.  While  subsequent  deicer  action  will  remove 
these  accumulations  as  discussed  above,  the  pilot  does  not 
have  complete  freedom  in  choosing  the  deicer  interval.  Retention 
of  small,  thin  areas  of  ice  accretion  after  a  single  deice  cycle 
under  conditions  of  minimal  ice  accretion  reduces  helicopter 
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range  and  performance.  Additional  artificial  icing  tests  should 
be  conducted  to  optimize  time  between  deicer  cycles  and  study 
performance  losses  associated  with  ice  retention  if  the  pneumatic 
design  is  to  be  pursued. 

23.  During  the  immersion  times  intended  to  reach  an  aircraft 
icing  endurance  limit,  the  5  psi  torque  rise  limit  caused  by  ice 
accretion  as  imposed  by  the  airworthiness  release  (ref  8,  app  A) 
was  the  limiting  factor  approximately  70%  of  the  time.  The  5  psi 
torque  rise  was  difficult  to  estimate  because  of  torque  fluctua- 
tions  caused  by  the  HISS  wake  and  the  collective  movements 
required  to  maintain  formation  flight.  Naturally  occurring 
asymmetrical  ice  sheds  resulting  in  moderate  vibration  levels 
became  the  other  limiting  factor.  Engine  inlet  screen  ice  accr  * 
tlon  was  not  a  factor  limiting  icing  exposure  time.  Immersion 
times  required  to  reach  a  5  psi  torque  Increase  or  moderate 
vibration  levels  are  included  in  table  6. 

24.  All  deice  cycles  performed  after  reaching  the  above  described 
conditions  resulted  in  successful  deice  cycles  (complete  or  near 
complete  removal  of  the  ice  cap  from  the  leading  edge  of  the 
main  rotor  blades).  PBDS  activations  resulted  in  symmetrical 
ice  sheds  with  slight  increases  in  vertical  vibrations  during 
the  activation  cycle  as  shown  in  figure  2,  appendix  F.  Naturally 
occurring  ice  sheds  were  sometimes  asymmetrical  and  resulted 
in  Increased  lateral  and  vertical  vibrations.  Activation  of  the* 
pneumatic  deicer  boots  reduced  the  associated  vibration  level 
within  two  seconds  (fig.  3,  app  F)  and  is  a  desirable  character¬ 
istic. 

25.  Increases  in  torque  (power)  required  during  deice  activation 
following  low  ice  accretion  levels  on  the  main  rotor  were  similar 
to  power  increases  during  dry  air  testing.  However,  with  a  large 
quantity  of  ice  on  the  blades  when  the  PBDS  was  activated,  the 
torque  decrease  due  to  shedding  offset  the  torque  increase  due 
to  boot  inflation.  Nevertheless,  when  the  test  aircraft  is 
operated  near  the  power  limit  of  50  psi  of  torque,  caution  must 
be  exercised  to  avoid  possible  overtorque  during  the  PBDS  acti¬ 
vation.  This  condition  may  be  avoided  by  momentarily  reducing 
collective  pitch  slightly  prior  to  PBDS  activation.  The  torque 
(power)  increase  experienced  during  activation  of  the  PBDS  when 
operating  near  maximum  torque  limits  due  to  the  potential  for 
overtorque  is  unsatisfactory. 

26.  In  forward  flight  at  approximately  -19°C  and  0.25  gm/m^  LUC 
ice  accreted  to  90%  to  951  span  on  the  main  and  tail  rotor  blades 
and  at  -15°C  to  80-85%  span.  With  higher  temperature  the  spanwlse 
accretion  was  reduced.  At  -10*C  ice  accreted  to  approximately 
70%  to  75%  of  the  main  rotor  blade  span  and  50%  to  75%  at  -5*C. 
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27.  The  outboard  section  of  the  main  rotor  blade  (outboard  of 
blade  station  244)  which  included  the  non-inf latable  portion  of 
the  deicer  boot  was  naturally  self  shedding  (photo  8,  app  G). 
Ice  accretion  on  the  non-inf latable  section  of  the  deicer  was 
only  observed  at  temperatures  below  -15#C.  Self  shedding  of  the 
non-inf latable  area  occurred  without  buildup  of  vibration  levels. 
This  was  probably  due  to  the  lower  ice  adhesion  characteristics 
of  the  ESTANE®  deicer  surface  when  compared  to  the  standard  UH-1H 
metal  airfoil.  The  lowered  adhesion  level  would  allow  the  accreted 
ice  to  self-shed  prior  to  ice  accretion  of  sufficient  mass  to 
result  in  significant  lateral  vibration.  Reduction  of  the  span 
wise  pneumatics  should  be  further  investigated  since  this  would 
reduce  profile  drag,  vibration  levels,  susceptibility  to  pneumatic 
tube  impact  damage,  and  improve  handling  qualities  during  PBDS 
activation. 

28.  Overall,  the  deicing  capability  of  the  deicer  boots  was 

satisfactory  at  all  conditions  tested  in  the  HISS  cloud.  One 
unsatisfactory  and  one  undesirable  characteristic  were  identified 
during  artificial  icing  tests:  (1)  the  aircraft  engine  torque 
(power)  increase  experienced  during  activation  of  PBDS  when 

operating  near  maximum  torque  limits  is  unsatisfactory. 
(2)  retention  of  small,  thin  areas  of  ice  accretion  after  a 
single  deice  cycle  especially  under  conditions  of  minimal  ice 
accretion  is  undesirable.  One  desirable  characteristic  of  the 
PBDS  is  the  capability  of  the  pneumatic  deicer  to  reduce  the 
vibrations  associated  with  a  natural  assymetrlcal  ice  shed  from 
the  main  rotor  blade  within  two  seconds. 

Natural  Icing  Tests 

29.  Test  flights  in  the  natural  icing  environment  were  conducted 

during  February  and  March  1984  In  the  vicinity  of  Duluth, 
Minnesota,  after  the  icing  envelope  had  been  expanded  under  arti¬ 
ficial  conditions.  A  total  of  7  natural  icing  flights  were 
accomplished  for  a  total  of  5.1  hours  in  the  natural  icing 

environment.  Twenty-six  PBDS  activations  were  accomplished. 

The  deicing  capability  of  the  PBDS  in  the  natural  icing  environ¬ 
ment  were  evaluated  at  the  conditions  shown  in  table  7  and 
figure  C.  The  natural  icing  procedure  involved  immersing  the 
aircraft  in  the  natural  icing  environment  until  a  torque  rise 

of  3  to  5  psi  was  noted  due  to  ice  accretion.  Ice  accretions 
and  deicing  action  of  the  PBDS  were  documented  above  or  below 
the  cloud  deck  by  still  and  video  cameras  when  possible.  Overall, 
the  PBDS  successfully  deiced  the  main  rotor  blades  in  forward 
flight.  At  lower  blade  accretion  levels,  the  deicing  action  of 
the  PBDS  resulted  in  only  partial  removal  of  the  ice  cap  leaving 
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some  small  areas  of  residual  ice  on  the  main  rotor  blades, 
however,  further  accretion  of  Ice  on  the  main  rotor  blades  to 
the  level  shown  in  table  7  would  result  In  complete  removal  of 
the  Ice  cap.  The  deicing  action  of  the  pneumatic  boot  in  natural 
icing  conditions  was  very  similar  to  that  found  in  artificial 
Icing  conditions  and  was  satisfactory. 


PHASE  3  ARTIFICIAL  RAIN  EROSION  TESTS 


30.  Rain  erosion  tests  were  conducted  during  May  and  June  of  1984 
at  EAFB  to  evaluate  the  rain  erosion  characteristics  of  the 
pneumatic  deicer.  The  test  flights  in  the  artificial  rain 
environment  were  flown  behind  the  HISS  for  a  total  of  6.0  hours. 
Spray  nozzles  and  operating  pressures  were  modified  to  produce 
droplet  sizes  as  large  as  3.5  mm  with  a  median  drop  size  of 
approximately  1-2  mm.  The  only  apparent  erosion  of  the  deicer 
surface  was  a  very  slight,  almost  undetectable,  pitting  of  the 
outer  ESTANE*  surface  near  the  blade  tip  as  shown  in  figure  D, 
which  was  discovered  after  5.1  hours  exposure  to  the  artificial 
rain  cloud.  This  erosion  was  so  slight  that  it  did  not  pose  a 
problem  to  operation  of  the  deicers.  Additional  rain  erosion 
testing  should  be  accomplished  in  natural  rain  conditions  to 
further  access  rain  erosion  characteristics  and  the  potential 
to  repair  eroded  deicer  surfaces. 


PHASE  4  PERFORMANCE  AND  HANDLING  QUALITIES 
Performance 


General: 

31.  Hover,  level  flight,  and  autorotational  descent  performance 
testing  were  conducted  at  EAFB  and  Bakersfield,  California  at 
the  conditions  listed  in  table  2.  Performance  data  were  obtained 
with  the  PBDS  in  the  deflated  configuration  for  the  second  genera¬ 
tion  design.  The  performance  data  obtained  with  the  second  gen¬ 
eration  PBDS  installed  was  compared  to  standard  blade  UH-1H  data 
generated  during  phase  4  and  data  from  the  first  generation  PBDS 
in  reference  3,  appendix  A. 

Hover  Performance: 

32.  Hover  performance  with  deicer  boots  in  the  deflated  configur¬ 
ation  was  evaluated  using  the  tethered  hover  technique  at  a  5-foot 
skid  height  in  winds  of  less  than  5  knots.  A  comparison  of  non- 
dimensional  hover  performance  for  the  deflated  boot  configuration 
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to  standard-blade  hover  data  and  deflated  boot  configuration 
data  for  the  first  generation  PBDS  from  reference  3,  appendix  A, 
is  presented  in  figure  4,  appendix  F.  In  dimensional  terms,  the 
performance  penalty  caused  by  the  deflated  second  generation 
PBDS  on  a  UH-1H  at  9000  pounds  on  a  standard  day  at  sea  level  is 
54  shp.  This  represents  46Z  less  penalty  than  with  the  deflated 
first  generation  PBDS.  Although  performance  with  the  second 
generation  deicer  boot  is  Improved  over  the  first  generation, 
the  incurred  hover  performance  penalty  is  undesirable.  Additional 
hover  performance  testing  should  be  conducted  with  the  third 
generation  boot  design  to  document  any  performance  improvement. 

Level  Flight  Performance: 

33.  Level  flight  performance  of  the  test  UH-1H  with  the  second 
generation  PBDS  Installed  was  evaluated  in  the  deflated  configur¬ 
ation,  in  zero  sideslip  level  flight  at  thrust  coefficients  (Op) 
of  0.0032,  0.0037  and  0.0043  (figs.  5  through  9,  app  F)  using 
the  constant  gross  weight  to  air  pressure  ratio  (w/6)  method. 
Additionally,  Gj's  of  0.0031,  0.0036,  0.0041,  0.0045,  and  0.0048 
(figs.  10  through  16)  were  flown  with  standard  (clean)  blades 
to  generate  baseline  data  for  comparison  purposes.  Test  results 
are  compared  in  figure  E  with  standard  bladed  UH-1H  data. 

34.  At  90  knots  calibrated  airspeed  (KCAS),  at  a  Cj  of  0.003633, 
and  a  referred  rotor  speed  of  320  rpm,  approximately  85  additional 
shp  over  standard  UH-1H  blades  is  required  with  PBDS  deflated. 
Under  the  same  conditions,  but  with  a  referred  rotor  speed  of  331 
rpm,  the  first  generation  PBDS  required  170  additional  shp  (ref  3, 
app  A).  Although  not  directly  comparable  to  first  generation 
data  due  to  the  difference  in  referred  rotor  speed,  there  appears 
to  be  a  significant  reduction  in  power  required  over  the  first 
generation  PBDS.  Nonetheless,  the  incurred  level  flight  perform¬ 
ance  penalty  is  undesirable.  Additional  level  flight  performance 
testing  should  be  conducted  with  the  third  generation  boot  design 
to  document  any  performance  improvement. 

Autorotatlonal  Descent  Performance: 

35.  Autorotatlonal  descents  were  evaluated  in  conjunction  with 
the  Phase  1A  (structural)  testing  in  the  vented  configuration. 
The  vented  boot  configuration  would  occur  with  an  engine  failure 
and  subsequent  loss  of  the  engine  bleed  air  pressure  needed  to 
provide  the  vacuum  which  keeps  the  boots  deflated.  After  estab¬ 
lishing  a  stable  autorotatlonal  descent,  the  PBDS  air  supply  was 
shut  off  at  the  regulator-reliever/shut-off  valve  to  establish 
the  vented  configuration  which  allowed  the  deicer  boot  to  auto- 
inflate.  Auto-inflation  in  this  configuration  results  from 
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differential  air  pressures  and  centrifugal  forces  acting  on  the 
boot.  During  the  5  to  10  second  period  of  auto-inflating,  the 
autorotative  rotor  speed  decreased  by  4  to  6  rom,  but  remained 
above  the  lower  limit  of  294  rpm  (collective  full  down).  Steady 
state  descent  rates  were  approximately  200  to  400  feet  per  minute 
greater  than  those  reported  for  standard  blades  reference  12. 
Prevention  of  deicer  boot  auto-inflation  (vented  condition)  in 
case  of  engine  failure  would  prevent  rpm  loss  and  lower  descent 
rates  during  autorotation.  Further  autorotational  performance 
evaluations  should  be  conducted  during,  icing  tests  to  study  the 
combined  effects  of  auto-inflation  and  blade  ice  accretion. 

Handling  Qualities 

General: 

36.  Handling  qualities  evaluations  were  conducted  in  conjunction 
with  Phase  1  (structural)  testing  and  Phase  4  (handling  qualities 
and  performance)  testing.  The  handling  qualities  of  the  UH-1H 
helicopter  with  the  PBDS  installed  were  also  qualitatively 
evaluated  throughout  the  dry  air  testing.  Results  of  these 
tests  were  compared  with  the  standard  UH-1H  data  reported  in 
reference  10. 

Control  Positions  in  Trimmed  Forward  Flight: 

37.  Control  positions  in  trimmed  ball-centered  forward  flight 
were  evaluated  from  38  to  110  KCAS  with  the  PBDS  in  the  deflated 
condition.  Tests  were  conducted  in  conjunction  with  the  airspeed 
calibration  at  the  conditions  presented  in  table  2.  Test  results 
are  presented  in  figure  17,  appendix  F.  The  control  position 
characteristics  in  trimmed  forward  flight  are  satisfactory  and 
similar  to  standard  UH-1H  helicopters. 

Maneuvering  Stability: 

38.  Maneuvering  stability  was  conducted  using  the  windup  turn 
method  at  the  conditions  shown  in  table  2.  Data  for  maneuvering 
stability  are  presented  in  figure  18.  Maneuvering  stability 
characteristics  are  satisfactory  and  similar  to  the  standard 
UH-1H. 

Controllability: 

39.  Longitudinal  and  lateral  controllability  were  evaluated  in 
forward  flight  at  the  conditions  shown  in  table  2.  Data  for 
controllability  are  presented  in  figures  19  and  20.  Longitudinal 
and  lateral  controllability  characteristics  are  satisfactory 
and  similar  to  the  standard  UH-1H. 
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Low-Speed  Flight  Characteristics: 

40.  The  low-speed  flight  characteristics  of  the  UH-1H  helicopter 
with  the  PBDS  installed  were  evaluated  at  the  conditions  listed 
in  table  1.  Tests  were  performed  at  a  constant  skid  height  of 
10  feet  in  winds  of  5  knots  or  less.  A  ground  pace  vehicle  with  a 
calibrated  fifth  wheel  was  used  as  a  speed  reference.  D^ta  were 
recorded  at  5-knot  increments  from  a  hover  to  40  knots  true 
airspeed  (KTAS)  forward  and  20  KTAS  sideward  and  rearward.  The 
low-speed  flight  data  were  obtained  with  the  PBDS  in  the  deflated 
and  vented  conditions  and  are  presented  in  figures  21  through  24. 
Variations  in  the  control  positions  during  low-speed  flight  with 
the  boot  vented  or  deflated  are  essentially  the  same  as  results 
previously  reported  for  a  standard  UH-1H  (ref  13,  app  A)  and 
are  satisfactory. 


RELIABILITY  AND  MAINTAINABILITY 
General 


41.  The  reliability  and  maintainability  of  the  PBDS  were  evaluated 
during  all  testing  phases.  Two  unsatisfactory  characteristics 
were  identified:  (1)  abrasion  of  damper  control  tube  by  pneumatic 
hose  (second  generation);  (2)  impact  damage  to  tail  rotor  blade 
due  to  ice  shed  from  deicer  during  natural  icing  tests  (second 
generation).  Six  undesirable  characteristics  were  identified: 
(1)  debonding  of  hose  and  flap  assembly  (second  generation);  (2) 
debonding  of  deicer  boot  from  main  rotor  blades  (second  and  third 
generation);  (3)  internal  debonding  of  deicer  boot  (third  genera¬ 
tion);  (4)  breakdown  of  internal  bleeder  material  (second  genera¬ 
tion);  (5)  impact  damage  to  inflatable  section  of  deicer  (second 
generation);  (6)  formation  of  water  pockets  between  deicer  boot 
and  blade  during  artificial  icing  test  (second  generation). 

Phase  1A: 

42.  Debonding  of  a  small  area  of  the  pneumatic  boot  and  flap 
assembly  from  the  main  rotor  blade  occurred  during  the  first 
ground  run  due  to  a  suspected  lack  of  bonding  adhesive  in  these 
areas.  Debonding  of  a  small  circular  area  as  shown  in  photo  9, 
appendix  G,  occurred  in  the  noninflatable  section  of  the 
deicer  boot.  A  four  inch  area  of  the  hose  and  flap  assembly  as 
shown  in  photo  10,  also  debonded  from  the  top  of  the  main 
rotor  blade  in  the  doubler  area.  The  above  areas  were  easily 
rebonded  by  BFG  personnel  using  Minnesota  Mining  and  Manufacturing 
(3M)  1300L  rubber  cement  prior  to  further  ground  operations. 
Time  of  repair  was  approximately  1.5  manhours.  Debonding  of  the 


deicer  from  the  main  rotor  blade  (while  not  critical  in  the 
above  described  occurences)  is  undesirable  and  requires  close 
inspection  of  the  deicers  during  preflight  and  post  flight 
inspections  to  determine  airworthiness*  Reliability  of  the  deicer 
bonding  should  be  improved. 

Phase  IB: 

43.  During  initial  ground  runs  with  the  first  set  of  third 
generation  deicers,  an  approximate  4  inch  long  section  of  the 
Inflatable  portion  at  midspan  of  one  blade  and  a  3  inch  section 
of  the  noninf latable  section  debonded.  This  was  repaired  by  BFG 
personnel  in  the  manner  previously  described.  After  the  initial 
ground  run  of  the  second  set  of  third  generation  deicers,  a 
4  inch  long  rupture  occurred  in  the  surface  of  the  boot  at  the 
outboard  end  of  the  inflatable  section  on  one  blade  (photo  11). 
Only  the  external  ESTANE®  surface  was  ruptured  and  the  deicer 
boot  was  still  functional.  Additionally,  a  3.75  inch  long  bubble 
was  observed  between  the  inner  fabric  plies  and  the  ESTANE®  sur¬ 
face  on  the  second  blade.  BFG  personnel  repaired  the  rupture  by 
trimming  the  affected  area  and  cementing  on  an  ESTANE®  patch. 
The  bubble  was  repaired  by  injecting  cement  between  the  fabric 
plies  and  the  ESTANE®  surface.  During  test  Inflations,  conducted 
prior  to  reinstalling  the  blades  on  the  aircraft,  numerous  small 
bubbles  (approximately  1/16  to  1/8  inch  in  diameter)  appeared 
with  every  inflation.  BFG  recommended  that  the  boots  be  restricted 
from  Inflated  or  vented  operations.  The  Internal  debonding  of 
the  deicer  boot  is  undesirable.  The  reliability  of  deicer  bonding 
should  be  improved. 

Phase  2: 

44.  After  a  20  minute  icing  flight  damage  to  the  damper  control 
tubes  as  shown  in  photo  12,  appendix  G  was  discovered.  The 
steel-wire  wrapped  pneumatic  hose  (photo  13)  leading  from  the 
pneumatic  slip  ring  assembly  to  the  main  rotor  blade  flap  assembly 
rubbed  against  the  damper  control  tube  causing  damage  which 
required  replacement  of  the  control  tube.  A  combination  of 
factors  such  as  a  loosened  plastic  fastener,  accreted  ice  on  the 
hose  and  centrifugal  force  probably  contributed  to  the  rubbing 
action.  Use  of  steel  wire  wrapped  pneumatic  hose  is  a  potential 
problem  area  when  placed  near  moveable  control  surfaces  as  in 
the  current  test  installation,  and  is  unsatisfactory.  Extreme 
caution  should  be  used  during  the  pneumatic  tube  Installation. 
Preflight  and  postflight  inspections  of  the  damper  control  tube 
area  should  be  emphasized. 
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45.  During  Phase  2  testing,  small  lumps  (photo  14)  developed 
under  the  spanwise  tube  surface.  As  reported  in  reference  3, 
appendix  A  these  lumps  were  caused  by  a  breakdown  of  the  Internal 
ventilation  material  (manifold)  as  shown  in  photo  15,  appendix  G. 
Most  pieces  of  this  manifold  material  were  forced  into  the  chord 
wise  tubes  creating  small  bulges  at  the  outboard  tip  of  the 
inflatable  boot,  applying  shop  air  to  keep  the  boot  inflated 
and  then  manually  removing  the  pieces  of  manifold  material  out 
of  the  boot.  These  cuts  were  then  repaired  (photo  17)  as  described 
in  paragraph  43.  This  breakdown  of  the  internal  ventilation 
mater  .al  is  undesirable  and  continues  to  be  a  problem  area  even 
though  the  ventilation  material  was  reportedly  improved  to  prevent 
breakdown.  The  third  generation  boot  incorporated  a  new  ventila¬ 
tion  r.aterial  design  to  eliminate  this  breakdown. 

46.  Damage  to  the  lower  span  wise  tube  of  the  pneumatic  deicer 
boot  occurred  during  the  third  artificial  icing  flight.  The 
damage  was  in  the  form  of  a  semi-circular  cut,  3/4  inches  in 
length  through  the  surface  of  the  ESTANE®,  and  bottom  ply  and 
stretch  fabric  of  the  Inflatable  tube  as  shown  in  photo  18. 
Based  on  post  flight  analysis,  damage  was  suspected  to  have 
occurred  during  formation  lift  off  with  the  HISS  helicopter 
which  created  a  considerable  amount  of  flying  debris.  Review 
of  the  hub-mounted  video  camera  recorded  five  minutes  after  take 
off  shows  a  5  to  8  inch  area  of  the  upper  boot  surface  at  the  out¬ 
board  section  of  the  inflatable  area  that  was  auto-inflated 
presumably  due  to  lack  of  effective  vacuum  caused  by  the  cut. 
Additionally,  very  slight  lateral  vibration  (VRS  3)  was  noted 
during  takeoff.  Pressure  and  vacuum  gauges  indicated  slightly 
lower  pressure  and  vacuum  during  flight.  The  cut  did  not  seem 
to  functionally  impn^r  operation  of  the  deicer  in  artificial 
icing  conditions  at  -10#C.  Susceptibility  of  the  pneumatic 
deicer  to  impact  damage  is  undesirable.  Investigation  of  impact 
damage  properties  of  the  pneumatic  boot  should  be  conducted. 

47.  Two  small  atias  between  the  main  rotor  blade  and  the  boot  at 
40%  span  filled  with  water  as  shown  in  photo  19.  The  largest  of 
the  two  pockets  of  water  was  0.75  inch  diameter  where  debonding 
of  the  back  side  of  the  deicer  from  the  blade  surface  had  occur¬ 
red.  Suspected  cause  of  the  water  deposit  was  moisture  entering 
and  traveling  to  the  above  area  along  the  leading  edge  nose 
piece  by  centrifugal  force  when  the  main  rotor  was  rotating. 
The  area  where  the  deicer  boot  is  bonded  to  the  doubler  section 
of  the  blade  was  sealed.  This  prevented  further  accumulations 
of  water  during  the  remainder  of  the  icing  tests.  Water  was 
removed  from  the  pockets  and  areas  rebonded.  Water  entering 
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tinder  the  surface  of  the  deicer  at  the  deicer  root  of  the  boot 
during  main  rotor  blade  rotation  Is  undesirable.  Water  accumula¬ 
tion  between  the  main  rotor  blade  and  internal  pneumatic  deicer 
surface  should  be  prevented  prior  to  further  testing. 

48.  One  problem  area  was  noted  during  natural  icing  tests.  The 
leading  edge  of  a  tall  rotor  blade  was  damaged  as  shown  in 
photo  20.  This  damage  was  discovered  after  a  38  minute  natural 
icing  flight  at  -20°C  in  which  a  deicing  cycle  had  been  accom¬ 
plished.  Probability  of  tail  rotor  damage  increases  when  time 
between  deice  cycles  is  lengthened  due  to  the  greater  ice  accre¬ 
tion  on  the  main  rotor  blades  and  is  independent  of  the  deice 
method.  Time  between  deice  cycles  should  be  optimised  during 
further  icing  tests  to  reduce  the  potential  of  blade  damage. 
Damage  to  the  tail  rotor  blade  is  unsatisfactory. 
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CONCLUSIONS 


GENERAL 


49.  The  following  conclusions  were  reached  upon  conclusion  of 
testing: 


a.  The  second  generation  PBDS  successfully  deiced  the  main 
rotor  blades  under  all  conditions  tested. 

b.  Handling  qualities  with  the  boots  in  the  deflated  or 
vented  condition  are  essentially  unchanged  from  the  standard 
UH-1H. 


c.  Four  unsatisfactory  and  nine  undesirable  characteristics 
were  identified. 


DESIRABLE  CHARACTERISTICS 


SO.  The  pneumatic  deicer  reduced  vibrations  associated  with  a 
natural  asymmetric  ice  shed  from  the  main  rotor  within  two  seconds 
(para  24). 


UNSATISFACTORY  CHARACTERISTICS 


51.  The  following  unsatisfactory  characteristics  were  identified: 

a.  Pitch  link  loads  exceeded  the  endurance  limit  in 
unaccelerated  forward  flight  with  the  third  generation  boot  design 
(para  17). 

b.  The  torque  increase  experienced  during  activation  of  the 
PBDS  when  operating  near  maximum  torque  limits  creates  the 
potential  for  overtorque  (para  25). 

c.  The  abrasion  of  the  damper  control  tube  by  the  pneumatic 
hose  (para  44). 

d.  Impact  damage  to  the  tail  rotor  blade  due  to  ice  shed 
from  the  deicer  (para  48). 


UNDESIRABLE  CHARACTERISTICS 

52.  The  following  undesirable  characteristics  were  identified: 

a.  Retention  of  small,  thin  areas  of  ice  accretion  after  a 
single  deice  cycle,  especially  under  conditions  of  minimal  ice 
accretion  (para  22). 
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b.  The  performance  penalty  in  a  hover  of  the  second  genera¬ 
tion  boot  design,  although  reduced  from  the  first  generation 
boot  design  (para  32). 

c.  The  performance  penalty  in  level  flight  of  the  second 
generation  boot  design,  although  reduced  from  the  first  generation 
boot  design  (para  34). 

d.  Debonding  of  the  hose  and  flap  assembly  (second  genera¬ 
tion)  (para  42). 

e.  Debonding  of  the  deicer  boot  from  the  main  rotor  blade 
(second  and  third  generation)  (para  43). 

f.  Internal  debonding  of  the  deicer  boot  (third  generation) 
(para  43). 

g.  Breakdown  of  Internal  bleeder  material  (second  generation) 
(para  45). 

h.  Impact  damage  to  inflatable  section  of  deicer  (second 
generation)  (para  46). 

i.  Formation  of  water  pockets  between  the  deicer  boot  and 
the  main  rotor  blade  during  artificial  icing  tests  (second 
generation)  (para  47). 
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RECOMMENDATIONS 


53.  Modify  the  design  of  the  third  generation  deicer  boot  to 
rtduce  high  pitch  link  loads  in  forward  flight  (para  17). 

54.  Conduct  additional  artificial  icing  tests  to  optimize  time 
between  deicer  cycles  and  document  performance  losses  associated 
with  ice  retention  (para  22). 

55.  Investigate  reduction  of  spanwise  coverage  of  the  inflatable 
section,  as  this  has  the  potential  of  reducing  profile  drag, 
vibration  levels,  susceptibility  of  pneumatic  tube  impact  damage, 
and  handling  qualities  degradation  during  PBDS  activation 
(para  27). 

56.  Conduct  further  erosion  testing  in  actual  rain  and  sand 
conditions  (para  30). 

57.  Conduct  further  performance  testing  of  the  third  generation 
boot  design  to  document  any  performance  improvement  from  previous 
designs  (paras  32  and  34). 

58.  Conduct  further  autorotational  performance  studies  during 
icing  tests  to  study  combined  effects  of  boot  auto-inflation  and 
blade  ice  accretion  (para  35). 

59.  Improve  reliability  of  deicer  bonding  (para  43). 

60.  Emphasize  that  extreme  caution  should  be  used  during  pneumatic 
hose  installation  and  pre-flight  and  post-flight  Inspection  of 
the  damper  control  tube  area  (para  44). 

61.  Investigate  impact  damage  properties  of  the  pneumatic  boot 
(para  46) . 

62.  Prevent  accumulation  of  water  between  the  rotor  blade  and  the 
internal  pneumatic  deicer  surface  (para  47). 
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APPENDIX  B.  DESCRIPTION 


GENERAL 


1.  The  test  helicopter,  U.S.  Army  S/N  70-16318,  was  a  production 
JH-1H  modified  to  accommodate  test  Instrumentation,  the  prototype 
Pneumatic  Boot  Deicing  System  (PBDS),  rotor  brake,  video  camera, 
and  a  partial  Ice  protection  system  (Kit  A).  The  principal 
modifications  included  the  PBDS  components  Installed  within  the 
cabin  area,  routing  of  bleed  air  through  the  mast  and  rotor 
assembly,  and  the  pneumatic  deicers  installed  on  the  main  rotor 
blades.  Photos  1  and  2  show  the  test  aircraft  with  the  PBDS  and 
test  instrumentation  Installed. 


PNBCMATIC  BOOT  DEICING  SYSTEM 
General 


2  .  The  PBDS  installation  consisted  of  six  major  components'  the 
PBDS  regulator-reliever/shut-off  valve  (fig.  1),  ejector  flow 
control  valve  (fig.  2),  timer  (fig.  3),  rotary  union  (fig.  4), 
hose  und  flap  assembly  (fig.  5)  and  the  pneumatic  deicer  (figs.  6 
through  9).  A  simplified  drawing  of  the  system  showing  major  com¬ 
ponents  i a  shown  in  figure  10.  Schematics  of  the  pneumatic  deicer 
system  layout  designed  for  evaluation  purposes  are  presented  in 
figure  11. 

3.  Customer  bleed  air  from  the  aircraft  engine  is  routed  through 
a  check  valve  to  the  regulator-reliever/shut-off  valve,  which  is 
manually  adjusted  to  the  system  operating  pressure  of  25  pounds 
per  square  inch  (psi).  The  solenoid-operated  ejector  flow  control 
valve  (ele  rically  energized  by  the  timer)  directs  bleed  air 
through  the  pneumatic  rotary  union,  through  the  nose  and  flap 
assembly  to  the  pneumatic  deicers  in  a  single  inflation  activation 
cycle.  A  normal  activation  cycle  consists  of  inflation  of  the 
deicer  bouts  for  approximately  two  seconds,  followed  by  subsequent 
deflation  of  12  to  16  seconds.  With  the  solenoid  de-energized, 
the  ejector  flow  control  valve  provides  the  vacuum  necessary  to 
keep  the  deicers  deflated  by  directing  bleed  air  overboard.  A 
shop  air  test  connection  is  Installed  downstream  of  the  check 
valve  for  leak  and  maintenance  checks.  An  electrical/manual 
gate  valve  is  provided  upstream  of  the  rotary  union  to  capture 
pressure  or  vacuum  in  the  deicer  boots  and  prevent  deflation 
during  performance  testing  or  leak  checks.  The  pressure  gauge 
downstream  of  the  regulator— reliever/shutolf  valve  displays 
regulated  pressure  of  the  elector  control  valve.  A  vacuum/pressure 
gauge  downstream  of  the  gate  valve  displays  the  vacuum  or  pressure 
of  the  deicer  boots.  To  evaluate  a  degraded  mode  that  would 
occur  with  engine  failure  or  damage  to  the  PBDS,  vacuum  to  the 
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Photo  1.  Test  Aircraft 
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Figure  1.  Regulator-Reliever/Shut-off  Valve 


Figure  3.  Timer 


Figure  4.  Rotary  Union 
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Figure  5.  Hose  and  Flap  Assembly 
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Figure  7.  Typical  Cross-Section  (Second  Generation) 
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Figure  9.  Typical  Crosa-Section  (Third  Generation 
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Figure  10.  Piping  Schematic 
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Figure  11.  Schematic  of  Pneumatic  Deice  System 


deicer  boots  could  be  removed  by  use  of  the  regulator-reliever/ 
shut-off  valve.  This  allows  the  deicer  boots  to  vent  to  ambient 
atmospheric  conditions  through  the  de-energized  ejector  control 
valve,  resulting  in  partial  boot  inflation  (auto-inflation) 
from  differential  air  pressures  and  centrifugal  forces  on  the 
rotor  blades. 

Check  Valve 


>4.  The  check  valve  is  a  axial  flow,  spring  loaded,  poppet  type 
unit.  During  normal  operation,  the  valve  poppet  is  open  and  has 
low  resistance  to  flow  of  air  from  the  engine  compressor  bleed 
air  supply  connection.  The  valve  poppet  closed  to  prevent  leakage 
when  the  direction  of  air  flow  through  the  valve  reversed  during 
ground  test  only. 

Regulator-Rellever/Shut-Of f  Valve 

5.  The  regulator  portion  is  a  single-stage,  diaphragm- type  unit. 
Vv'.:«n  the  regulated  pressure  reaches  the  regulator  set  point,  the 
pressure  on  a  diiphragra  closes  a  port,  shutting  off  Inlet  flow 
of  air  or  preventing  system  pressure  from  rising  above  the  system 
set  point.  The  pressure-reliever  is  a  separate  spring-loaded 
poppet  connected  to  a  common  system  pressure  port.  The  reliever 
is  set  to  open  and  relieve  pressures  slightly  above  the  system 
nominal  pressure  level.  The  regulated  pressure  was  set  to  25  psl 
and  the  reliever  set  to  open  at  27  psi.  The  regulator-reliever/ 
shut-off  valve  is  shown  in  photo  3. 

Ejector  Flow  Control  Valve 

6.  The  ejector  flow  control  valve  is  a  three-way  solenoid  valve 
(photos  4  and  5)  with  the  aeicer  connected  to  the  common  port.  In 
the  de-energized  condition,  the  deicer  port  is  connected  to  the 
exhaust  port  through  an  Internal  ejector.  System  air  pressure 
is  connected  to  the  inlet  port  which  has  an  orifice  that  operates 
the  ejector  to  supply  vacuum  to  the  deicer.  When  electrical 
power  is  applied  to  the  valve's  direct  acting  solenoid,  the  valve 
mechanism  shifts  to  shut  off  vacuum  supply  air  and  to  direct  Inlet 
air  through  the  deicer  port  to  inflate  the  deicer.  When  electri¬ 
cal  power  is  removed  from  the  valve  solenoid,  the  valve  mechanism 
shifts  to  connect  the  deicer  port  to  the  exhaust  port  and  vacuum 
is  reapplied  to  the  deicer.  Modifications  were  made  to  a  #3D2331 
ejector  flow  control  valve  to  Increase  the  vacuum  to  18  inches  of 
mercury  with  a  25  psi  inlet  pressure. 
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Photo  3.  Regulator— Reliever/Shutt-of f  Valve 
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Photo  4.  Ejector  Plow  Control  Valve 


Rotating  Union 


Ejector  Flow 
Control  Valve 


Photo  5.  PBDS  Components 
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Timer 


7.  The  pneumatic  deicer  timer  is  a  solid-state  electrical  timing 
device  providing  a  single  timed  output  of  electrical  power  to 
the  ejector  control  valve  solenoid.  The  timer  is  actuated  through 
the  control  switch  which  causes  the  solenoid  in  the  ejector  flow 
control  valve  controlling  air  flow  to  immediately  energize  for 
the  Inflation  period.  At  the  end  of  the  deicer  inflation  period, 
the  solenoid  is  de-energized  allowing  the  air  to  be  evacuated  from 
the  deicers. 

Control  Switch 


8.  The  control  switch  (photo  6)  is  a  single  pole,  momentary  con¬ 
tact,  toggle  switch  rated  for  15  amps  @  125  VAC  or  10  amps  @  250 
vAC.  This  switch  starts  the  timer  for  the  single  deicer  inflation 
period. 

Rotating  Union 

9.  The  rotating  union  (photo  5)  is  a  single  pass,  straight 
through  air  union,  with  two  single  row  ball  bearings.  The  union 
utilizes  a  balanced  carbon  steel  to  carbon  graphite  floating 
seal  with  "0"  ring.  The  union  is  rated  by  the  manufacturer  at 
1000  rpm  and  150  psi  maximum. 

Deicer  Hose  and  Flap 

10.  The  deicer  hose  is  of  wire  reinforced  neoprene  and  fabric 
construction.  The  hose  is  modified  with  a  flap  constructed  of 
rubber  with  fabric  covering  top  and  bottom.  The  flap  is  used 
to  attach  the  hose  to  the  rotor  blade  surface.  The  deicer  hose 
is  attached  to  the  drag  link  using  nylon  cable  ties  (TY-RAP,  P/N 
TY-527M,  Per  MIL-S-23190  and  MIS17332). 

11.  If  the  control  switch  is  depressed  for  more  than  the  preset 
deicer  inflation  period,  the  timer  will  de-energize  at  the  end 
of  the  period  and  the  control  switch  must  be  released  and  de¬ 
pressed  again  to  start  another  inflation  period. 

Pneumatic  Deicer 


12.  The  pneumatic  deicer  consists  of  a  smooth  rubber  and  fabric 
blanket  containing  two  small  spanwise  deicing  tubes  along  the 
leading  edge,  with  the  balance  of  the  deicer  consisting  of  small 
chordwise  deicing  tubes  as  shown  in  figure  9.  Due  to  self  shedding 
at  the  outboard  section  of  the  blade,  the  last  44  inches  of  each 
blade  is  non-inf latable.  This  area  is  still  covered  with  BF 
Goodrich  Company  (BFG)  polyurethane  erosion  material.  All  tubes 
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Photo  6.  Control  Switch 
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in  each  deicer  are  simultaneously  inflated  through  a  single  air 
connection  located  on  the  "breeze  side"  of  the  deicer.  The 
deicer  is  cement-bonded  to  the  airfoil  leading  edge. 

13.  Deicing  action  is  provided  by  pressurizing  the  stretchable 
deicing  tubes  with  compressed  air.  The  inflation  of  the  tubes 
produces  cracking  and  shearing  stresses  in  the  ice  causing  It  to 
be  broken  into  pieces  and  break  its  bond  with  the  deicer  surface. 
The  scavenging  effect  of  the  air  stream  and  centrifugal  forces 
then  removes  the  ice  particles. 

14.  When  the  ejector  flow  control  valve  is  de-energized,  vacuum 
is  applied  to  the  deicer  tubes.  This  is  necessary  to  resist 
negative  aerodynamic  pressures  and  to  maintain  the  tubes  in  a 
flat  or  deflated  condition.  The  "breeze  side"  of  the  deicer 
incorporates  a  0.025  ily  of  ”ESTANE»”  (BFG  ployurethane)  to  resist 
weathering  and  abrasion.  The  deicers  are  designed  to  operate  at 
25  psi  (nominal)  and  to  be  installed  over  the  basic  airfoil. 

Nose  Piece 


15.  A  molded  nose  piece  was  Installed  to  the  leading  edge  of  the 
UH-l  blade  under  the  pneumatic  deicer.  The  purpose  of  the  nose 
piece  is  to  keep  the  airfoil  section  contour  as  close  to  that  of 
a  standard  UH-l  blade  as  possible.  Height  of  the  nose  piece  is 
approximately  0.121  lbs/ft.  With  deicer  length  equal  to  19.875 
ft  each  nose  piece  weighed  2.4  pounds. 

Third  Generation  Deicer 


16.  Several  changes  were  made  to  the  boot  design  in  an  attempt  to 
reduce  the  performance  penalties  of  the  Installation  and  to 
eliminate  the  breakup  of  the  internal  bleeder  material. 

17.  To  improve  the  aerodynamics  of  the  boot  installation,  BFG 
equalized  the  chord  lengf'  of  the  upper  and  lower  boot  surfaces, 
then  added  a  3.0  in.  wide  tapered  fairing  strip  cemented  behind 
the  boot  along  the  entire  length  of  the  blade.  The  resulting  gap 
between  the  aft  edge  of  the  boot  and  the  forward  edge  of  the 
fairing  strip  was  filled  with  an  epoxy  filler  (3M  Corp.  EC801)  to 
smooth  the  transition  to  eliminate  the  breakup  of  the  Internal 
bleeder  material,  the  material  was  changed  from  a  bristled, 
plastic  material  to  a  ribbed,  rubberized  fabric. 
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APPENDIX  C.  HELICOPTER  ICING  SPRAY  SYSTEM  (HISS)  DESCRIPTION 


1.  The  Helicopter  Icing  Spray  System  (HISS)  Is  Installed  In  a 
modified  CH-47C  helicopter  and  consists  of  an  internally  mounted 
1800-gallon  water  tank  and  an  external  spray  boom  assembly  sus¬ 
pended  19  ft  beneath  the  aircraft  from  a  cross-tube  through  the 
cargo  compartment.  Hydraulic  actuators  rotate  the  cross-tube  to 
raise  and  lower  the  boom  assembly.  Both  the  external  boom  assembly 
and  water  supply  can  be  jettisoned  in  an  emergency. 

2.  The  spray  boom  consists  of  two  27  ft  center  sections, 
vertically  separated  by  S  ft,  and  two  17.6  ft  outriggers  attached 
to  the  upper  center  section.  When  lowered,  the  outriggers  are 
swept  aft  20°  and  angled  down  10*  giving  a  tip  to  tip  boom  width 
of  60  ft.  The  boom  is  assembled  of  concentric  metal  pipe;  the 
Inner  pipe  (1-1/2  in.  diameter)  acts  as  the  water  supply  and 
leads  to  30  manifolds  spaced  approximately  3  ft  apart  along  the 
boom  exterior;  the  outer  pipe  (4  In.  diameter)  contains  bleed 
air  from  the  aircraft  engines  and  bleed  air  auxiliary  power  unit 
(APU)  and  is  fitted  with  a  total  of  172  nozzle  receptacles  on 
the  boom  surface.  These  nozzle  receptacles  are  spaced  at  one 
foot  intervals  along  the  top  and  bottom  of  the  boom  and  are 
staggered  to  provide  alternating  upward  and  downward  ejection 
ports  every  six  inches. 

3.  A  Solar  T-62T-40C2  APU  is  installed  in  the  HISS  aircraft 
bolted  to  the  trunnion  assembly  between  fuselage  station  (FS) 
160  and  FS  200.  For  purposes  of  safety  and  noise  reduction,  the 
unit  is  enclosed  in  a  stainless  steel  box  with  fiberglass  sound 
proofing.  Bleed  air  from  the  APU  is  ducted  to  a  flow  mixer 
which  combines  aircraft  engine  bleed  air  with  APU  bleed  air. 
The  combined  APU  and  engine  bleed  air  enters  the  boom  through 
flexible  tubing  leading  to  the  boom  air  intake  pipes  on  either 
side  of  the  cabin.  Electrically-operated  valves  which  are 
actuated  from  a  single  control  panel  are  installed  in  the  system 
to  control  both  bleed  air  and  water  flow  rates. 

4.  A  calibrated  air  temperature  probe  and  a  Cambridge  dew  point 
hygrometer  provide  accurate  ambient  temperature  and  humidity 
measurement.  A  radar  altimeter  with  aft-facing  antenna  is  mounted 
on  the  CH-47  to  allow  positioning  the  test  aircraft  at  a  known 
standoff  distance.  The  radar  altimeter  is  wired  to  red  and  yellow 
station-keeping  lights  on  the  underside  of  the  aircraft.  These 
lights  provide  a  visual  indication  to  the  test  aircraft  for 
maintaining  the  proper  standoff  distance. 

5.  Because  of  gross  weight  limitations,  only  1423  gallons  of 
water  are  carried.  To  facilitate  photographic  documentation 
during  icing  tests,  a  non-toxic,  biodegradable  chemical  with 
coloration  properties  similar  to  sea  marker  dye  is  added  to  the 
water  to  impart  a  yellow  color  to  the  ice. 
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Figure  1.  Helicopter  Icing  Spray  System 
Side  and  Rear  View  Schematic 
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APPENDIX  D.  INSTRUMENTATION 


INSTRUMENTATION 


1.  The  test  Instrumentation  was  Installed,  calibrated,  and  main¬ 
tained  by  the  US  Army  Aviation  Engineering  Flight  Activity  (AEFA), 

with  the  exception  of  the  load  strain  gages  and  slip  ring  assembly  • 

which  were  Installed  by  Bell  Helicopter  Textron,  Incorporated 
(BHTI).  Digital  and  analog  data  were  obtained  from  calibrated 
instrumentation  and  were  recorded  on  magnetic  tape  and/or  dis¬ 
played  in  the  cockpit.  The  digital  instrumentation  system 
consisted  of  various  transducers,  signal  conditioning  units,  a 
ten-bit  pulse  code  modulation  (PCM)  encoder,  and  an  Ampex  AR  700 
tape  recorder.  Time  correlation  was  accomplished  with  on-board 
recorded  and  displayed  Inter-Range  Instrumentation  Group  B  time. 

Various  specialized  test  indicators  displayed  data  to  the  crew 
continuously  during  the  flight.  The  instrument  panel,  in 
Phase  A  configuration,  is  shown  in  photo  1.  The  instrumentation 
rack  is  shown  in  photo  2.  For  Phase  A  testing,  an  instrumenta¬ 
tion  boom  with  a  swiveling  pitot-static  tube  was  mounted  on  and 
extended  9A  Inches  forward  from  the  nose  of  the  aircraft 
(photo  3).  The  boom  provided  airspeed,  altitude,  angle  of  attack, 
and  sideslip  Information.  Instrument  boom  airspeed  calibration 
is  presented  in  figure  A.  Also  a  T53-L-13B  engine  torquemeter 
system  was  calibrated  at  the  Corpus  Christi  Army  Depot.  The 
calibration  is  shown  in  figure  B. 

2.  To  document  ice  forms  and  sheds,  two  video  recording  systems 
were  Installed.  A  NAC,  Incorporated  high  speed  video  camera 
was  mounted  on  the  cabin  roof  and  the  output  recorded  by  a  NAC, 
Incorporated  high  speed  video  recorder.  Additionally,  a  Teledyne 
video  camera  was  mounted  on  top  of  the  rotor  hub  and  focused  on 
one  blade  as  shown  in  photo  A.  Its  output  was  displayed  in  the 
aircraft  on  a  Japan  Victor  Corporation  5-inch  color  monitor  and 
recorded  on  a  Teac  3/A-inch  airborne  video  recorder  (photo  5). 

A  FOR-A  video  timer  provided  a  visual  time  code  for  the  hub 
mounted  camera. 

3.  In  addition  to  standard  ship's  Instruments,  the  following 
parameters  were  displayed  in  the  cockpit  and  hand  recorded: 

Pilot ' s  Panel 


Airspeed  (ship's)*  (Boom-Phase  A) 

Altitude  (ship's)*  (Boom-Phase  A) 

Fuel  Flow* 

Fuel  Used* 

Engine  Torque* 

Engine  inlet  screen  differential  pressure 
Rosemount  outside  air  temperature 
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Photo  1.  Instrument  Panel 


Photo  2.  Instrumentation  Rack 
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Photo  3.  Airspeed  Boom 
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Photo  4.  Hub  Mounted  Camera 
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Photo  5.  Video  Monitor  and  Recorder 


Rosemount  liquid  water  content  (LWC) 

Leigh  MK  12  liquid  water  content  (LWC) 

Leigh  IRU-5  Integrating  Rate  Unit  (IRU) 

Tether. cable  tension* 

Angle  of  attack  (Phase  III)* 

Angle  of  sideslip  (Phase  III)* 

Engineer* 3  Panel 

Main  rotor  speed  * 

Ejector  control  valve  regulated  pressure 
Vacuum/Pressure  of  the  deicer  boot 
Engine  bleed  air  temperature  at  engine  deck 
Engine  bleed  air  temperature  at  the  ejector  control  valve 
Engine  bleed  air  temperature  at  the  regulator-reliever/shut-off 
valve 

Calibrated 

3.  The  following  parameters  were  recorded  on  magnetic  tape« 
PCM  Parameters 


Control  positions 
Longitudinal 
Lateral 
Directional 
Collective 
Engine  torque 
Fuel  flow 
Fuel  used 
Airspeed  (ship's) 

(boom-Phase  III) 

Altitude  (ship's) 

(boom-Phase  4) 

Main  rotor  speed 
Aircraft  attitudes 
Pitch 
Roll 
Yaw 

Aircraft  rates 
Pitch 
Roll 
Yaw 

Outside  air  temperature 

Center  of  gravity  normal  acceleration 

Tether  cable  tension 

Pilot's  seat  vibration 
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Vertical 

Longitudinal 

Lateral 

Aircraft  center  of  gravity  vibration 
Vertical 
Longitudinal 
Lateral 
Sideslip  angle 

Rosemount  Liquid  Water  Content 

Leigh  MK  12  Liquid  Water  Content 

#1  Flight  control  actuator  axial  load 

If2  Flight  control  actuator  axial  load 

If 3  Flight  control  actuator  axial  load 

Main  rotor  mast  torque 

Main  rotor  mast  bending  perpendicular 

Main  rotor  blade  beam  and  chord  bending  at  the  following  stations 
Station  35 
Station  84 
Station  150 
Station  234 

4.  The  following  frequency  modulated  parameters  were  recorded 
and  telemetered  to  a  ground  station  for  real-time  safety  of 
flight  monitoring. 

Main  rotor  pitch  link  axial  force 

Main  rotor  mast  parallel  bending 

Main  rotor  blade  beam  bending  at  station  192 

Main  rotor  blade  chord  bending  at  station  192 

Hub  beam  bending  at  station  5.5 

Hub  chord  bending  at  station  5.5 


CLOUD  SAMPLING  EQUIPMENT 

5.  Icing  conditions  were  measured  in  both  the  natural  and  arti¬ 
ficial  environments,  by  an  AEFA  JU-21A  fixed-wing  aircraft, 
US  Army  S/N  66-18008.  This  aircraft  was  equipped  with  the 
following  equipment:  a  Particle  Measuring  System  (PMS),  forward 
scattering  spectrometer  probe  (model  ’SSP-100),  a  PMS  optical 
array  cloud  droplet  spectrometer  prob  •  (model  OAP-200X),  Rose- 
mount  OAT  sensor  and  display,  Cambridge  model  137  chilled  mirror 
dew  point  hygrometer  and  display,  Leigh  Mk  10  ice  detector  unit 
with  digital  display,  Cloud  Technology  ice  detector  unit,  and  a 
Small  Intelligent  Icing  Data  System  (SUDS). 

6.  The  FSSP-100  sizes  particles  by  measuring  the  amount  of  light 
scattered  into  the  collecting  optics  aperture  during  particle 
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interaction  through  a  focused  helium-neon  high  order,  multimode 
laser  beam.  The  signal  pulses  are  alternating  current  coupled  to 
a  pulse  height  analyzer  which  compares  their  maximum  amplitude 
with  a  reference  voltage  derived  from  a  separate  measurement  of 
the  direct  current  light  signal  illuminating  the  particles.  The 
output  of  the  pulse  height  analyzer  is  encoded  to  give  the  particle 
size  in  binary  code.  The  probe  is  set  up  to  size  particles  from 
2  to  47  microns  having  velocities  between  20  and  125  m/sec  (39  to 
243  knots). 

7.  The  OAP-200X  sizes  using  a  linear  array  of  photodiodes  to 
sense  the  shadowing  of  array  elements  by  particles  passing  through 
its  field  of  view.  Particles  are  illuminated  by  a  helium-neon 
laser  and  imaged  as  shadowgraphs  on  the  photodiode  array.  If  the 
shadowing  of  each  photodiode  element  is  dark  enough  a  flip-flop 
element  is  set.  The  particle  size  is  determined  by  the  number  of 
elements  set  by  a  particle's  passage,  the  size  of  each  array 
element,  and  the  magnification  of  the  optical  system.  This  probe 
contains  24  active  photodiode  elements  capable  of  sizing  into 
15  size  channels  with  a  magnification  set  for  a  size  range  of  20 
to  300  microns. 

8.  The  SUDS  is  a  compact  data  acquisition  system  designed  and 
programmed  specifically  for  icing  studies.  It  consists  of  four 
main  components:  a  microprocessor,  Techtran  data  cassette 
recorder.  Axiom  printer,  and  an  operator  control  panel.  The 
SUDS  has  three  operational  modes:  (1)  data  acquisition,  in 
which  averaged  raw  data  are  recorded  on  cassette  tape  and  averaged 
engineering  units  are  displayed  on  the  printer,  (2)  a  playback 
mode  in  which  raw  averaged  data  read  from  the  cassette  are 
converted  to  average  engineering  units  which  are  displayed  on  the 
printer,  (3)  monitor  mode  used  to  set  the  calendar  clock  and 
alter  programmed  constants.  During  data  acquisition,  the  operator 
may  select  an  averaging  period  of  1/2,  1,  2,  5,  or  10  seconds. 

9.  The  following  parameters  are  displayed  on  the  SUDS  printer 
in  engineering  units. 


a.  calendar:  year,  month,  day,  hour,  minute  and  second 

b.  pressure  altitude  (feet) 

c.  airspeed  (knots) 

d.  outside  air  temperature  (°C) 

e.  dew  point  (°C) 
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f.  total  liquid  water  content  observed  by  the  FSSP  (g/m3) 


g.  total  liquid  water  content  observed  by  both  the  FSSP  and 
OAP  (g/ra3) 

h.  median  volumetric  diameter  (nm) 

i.  amount  of  liquid  water  content  observed  for  each  channel 
(total  30)  of  both  probes  (g/m3) 


APPENDIX  E.  TEST  TECHNIQUES  AND  DATA  ANALYSIS  METHODS 


PHASE  I  STRUCTURAL  LOADS  SURVEY 


General 


1.  Reference  14,  appendix  A  was  used  as  a  guide  for  evaluation 
purposes.  Critical  loads  parameters  indicated  in  appendix  C  were 
telemetered  to  a  ground  station  for  real-time  safety  of  flight 
monitoring  by  a  National  Aeronautics  and  Space  Administration 
structures  engineer  for  phase  1A  and  an  U.S.  Army  Aviation 
Engineering  Flight  Activity  flight  test  engineer  for  phase  IB. 

Phase  1A 


2.  Initial  testing  was  conducted  with  the  aircraft  ballasted  to 
9500  pounds  gross  weight  and  tethered  to  a  "deadman"  anchor. 
Rotor  system  loads  associated  with  the  three  Pneumatic  Boot 
Deicing  System  (PBDS)  configurations  (deflated,  inflated,  and 
vented)  were  monitored  via  telemetry  and  analyzed  during  starting 
and  acceleration  to  engine  idle,  normal  operating  speed,  and  max¬ 
imum  governing  speed.  Since  no  problems  were  encountered,  power 
was  increased  in  increments  of  5  psi  of  engine  torque  to  allowable 
limits  at  rotor  speeds  of  294  and  324  rpm.  Dynamic  system-engine 
compatibility  was  evaluated  at  each  of  the  two  rotor  speeds  at 
three  power  settings  corresponding  to  minimum,  mid-range,  and 
maximum.  This  evaluation  was  accomplished  by  manually  cycling 
the  collective  and  directional  controls  at  the  critical  frequency 
of  the  dynamic  system. 

3.  After  analysis  of  the  ground  test  loads  survey  data,  inflight 
testing  was  accomplished.  The  critical  loads  parameters  were 
monitored  and  analyzed  during  hover,  low-speed,  level  flight, 
climbs  and  descents,  and  autorotational  entries.  Inflight  dynamic 
system-engine  compatibility  was  also  evaluated. 

Phase  IB 


4.  After  discussion  with  an  U.S.  Army  Aviation  Systems  Command 
structures  engineer,  it  was  decided  that  the  changes  to  the 
deicer  boot  should  not  cause  any  major  change  in  loads,  so  only 
a  limited  flight  loads  survey  was  conducted.  This  consisted  of 
ground  runs  with  boots  deflated,  Inflated  and  vented,  free  hover, 
forward  and  sideward  accelerations  and  decelerations  and  forward 
flight.  Critical  load  parameters  were  monitored  real-time  via 
telemetry 
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PHASE  2  ARTIFICIAL  ICE  TESTING 


5.  Phase  2  testing  was  conducted  using  the  Helicopter  Icing 
Spray  System  (HISS)  described  in  appendix  C.  Standoff  distance 
for  the  test  aircraft  was  approximately  150  feet,  measured 
by  radar  altimeters  at  the  rear  of  the  HISS.  Colored  lights  on 
the  bottom  of  the  HISS  and  comments  from  the  HISS  and  chase 
aircraft  crews  were  used  to  advise  the  test  aircraft  on  proper 
position  in  the  spray  cloud. 

6.  The  test  procedure  involved  first  immersing  the  aircraft  in 
the  spray  cloud  for  a  time  interval  estimated  necessary  to  accrete 
a  0.25  inch  ice  thickness  at  the  main  rotor  blade  midspan  point. 
The  aircraft  then  exited  the  cloud  and  the  PBDS  was  activated.  The 
cycle  was  recorded  by  aircraft-  and  chase-mounted  video  equipment 
and  by  still  cameras  from  the  HISS  and  chase  aircraft.  The  spray 
cloud  was  reentered  for  an  immersion  time  necessary  to  reach 
either  a  predetermined  aircraft  operating  limit  or  15  minutes, 
whichever  occurred  first.  The  applicable  aircraft  limits  for 
this  test  were  either  an  increase  of  5  psi  engine  torque,  an 
increase  in  inlet  differential  pressure  of  10  Inches  of  water,  or 
onset  of  a  moderate  vibration  level  resulting  from  an  asymmetric 
shed.  When  the  aircraft  exited  the  cloud,  a  PBDS  activation 
cycle  was  performed  and  the  results  documented  as  described 
above.  The  aircraft  reentered  the  cloud  for  multiple  activations 
in  the  cloud.  The  time  between  cycles  was  reduced  until  the 
chase  aircraft  reported  no  ice  shed.  Several  cycles  at  this 
immersion  time  were  performed.  The  aircraft  then  exited  the  cloud 
for  photographs  and  another  activation  cycle. 


PHASE  2  NATURAL  ICING  TESTING 


7.  The  techniques  for  natural  icing  were  the  same  as  for  arti¬ 
ficial  icing  tests.  The  U-21  chase/scout  aircraft  was  sent  to 
locate  satisfactory  natural  conditions  which  were  relayed  to  the 
test  aircraft.  All  out-of-cloud  PBDS  activation  cycles  were 
documented  by  aircraft  mounted  video  and  still  cameras  in  the 
U-21  chase  aircraft. 


PHASE  3  ARTIFICIAL  RAIN  EROSION  TESTS 


8.  Artificial  rain  erosion  tests  were  conducted  behind  the  HISS 
with  the  spray  system  modified  to  produce  much  larger  drop  sixes 
than  used  for  icing  conditions.  Drop  sixes  were  measured  on  the 
ground  with  an  oil-filled  sample  dish  and  inflight  with  gelatin 
slides  and  on  the  windshields  with  a  steel  ruler.  Flight  times 
were  limited  to  approximately  one  hour  by  HISS  water  capacity. 
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PHASE  4  PERFORMANCE  AND  HANDLING  QUALITIES 


Weight  and  Balance 

9.  The  aircraft  empty  weight  (Including  full  oil  and  trapped 
fuel)  and  longitudinal  center  of  gravity  (eg)  location  were  deter¬ 
mined  with  a  portable  electronic  weighing  kit. 

10.  A  manometer-type  external  sight  gauge  was  calibrated  and  used 
to  determine  fuel  volume.  Fuel  specific  gravity  was  measured 
with  a  hydrometer.  The  fuel  loading  for  each  test  flight  was 
determined  both  prior  to  engine  start  and  following  engine 
shutdown.  Fuel  used  In  flight  was  recorded  manually  from  a  test 
fuel  used  system  and  compared  with  the  pre  and  post  flight  sight 
gauge  readings.  Fuel  eg  versus  fuel  volume  contained  in  the  fuel 
cell  (209.0  gallon  capacity)  had  been  previously  determined.  This 
calibration  was  used  to  calculate  aircraft  eg  for  each  test  point. 
Aircraft  engine  start  gross  weight  and  eg  were  also  controlled  by 
ballast  installed  in  the  aircraft. 


PERFORMANCE 


Hover  Performance 


11.  Hover  performance  was  obtained  by  the  tethered  hover  tech¬ 
nique.  Additional  free-fllght  hover  data  were  accumulated  to 
verify  the  tethered  hover  data.  All  hover  tests  were  conducted 
In  winds  of  less  than  3  knots.  Tethered  hover  consists  of  re¬ 
straining  the  helicopter  to  the  ground  by  a  cable  In  series  with 
a  load  cell.  An  Increase  In  cable  tension,  measured  by  the  load 
cell,  Is  equivalent  to  an  increase  in  gross  weight.  Free  flight 
hover  tests  consisted  of  stabilizing  the  helicopter  at  a  desired 
height  using  a  3  ft  length  of  rope  tied  to  one  skid  as  a  height 
reference.  All  hovering  data  were  reduced  to  nondlmenslonal 
parameters  of  Cp  and  Op  using  equations  1  and  2,  respectively. 

a.  Coefficient  of  power  (Cp): 

SHP  (550) 

CP  -  3  (1) 

pA(UR) 

b.  Coefficient  of  Thrust  (Op): 

GW  +  CABLE  TENSION 

CT  -  _  (2) 


pA(WR)2 
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where: 


SHP  -  Engine  output  shaft  horsepower 
550  *  Conversion  factor  (ft-lb/sec/SHP) 
p  -  Air  density  (slug/ft^) 

A  -  Main  rotor  disc  area  (ft^)  -  1809.6 

U  -  Main  rotor  angular  velocity  (radians/sec  •  33.93  at 

32 A  RPM) 

R  -  Main  rotor  radius  (ft)  ■  2A.0 
GW  -  Gross  weight  (lb) 

Level  Flight  Performance 

12.  Conventional  level  flight  performance  test  techniques  were 

used  to  conduct  this  evaluation.  To  achieve  a  constant  Cj  through¬ 
out  each  test,  a  constant  referred  gross  weight  (the  ratio  of 
gross  weight  to  pressure  ratio,  W/6)  and  referred  rotor  speed 

(the  ratio  of  rotor  speed  to  square  root  of  temperature  ratio, 

were  maintained.  A  constant  W/6  was  maintained 

by  Increasing  pressure  altitude  as  the  aircraft  gross  weight 
decreased  due  to  fuel  burnoff.  Rotor  speed  was  varied  to  maintain 
a  constant  Ng//0  as  the  ambient  temperature  varied.  All  tests 
were  conducted  in  non-turbulent  conditions  to  preclude  atmospheric 
disturbances  Influencing  the  results. 

13.  The  results  of  the  level  flight  tests  were  converted  to 

nondlmenslonal  form  and  plotted  as  Cp  versus  Gp  at  constant 

advance  ratio  (p).  This  plot  defined  the  level  flight  per¬ 

formance  for  all  gross  weights,  density  altitudes,  and  airspeeds 
throughout  the  Cp  range  tested. 

14.  The  level  flight  performance  data  were  generalized  by  the 
following  nondlmenslonal  coefficients: 

a.  Coefficient  of  thrust  (Cp): 

Thrust 

CT  -  2  (3) 

fA(OR) 

b.  Advance  ratio  (p): 

(1. 68781  )VT 
P  -  _ 


(4) 


c.  Advancing  blade  tip  Mach  number  (Mt^p): 

(1.68781 )VT  +  (UR) 

Mtip  ”  _ 


(5) 


a 


Where: 

Thrust  »  Gross  weight  (lb)  during  free  flight  in  which  there 
is  no  acceleration  component  in  the  vertical  direc¬ 
tion. 

1.68781  -  Conversion  factor  (ft/sec/knot) 

V-p  ■  True  airspeed  (knot)  *  (calibrated  airspeed//o) 
o  -  Density  ratio  *  p/p0  ■  6/ 6 

p  -  air  density  at  sea  level  standard  day  (slug/ft3)  ■ 
0.002376692 

6-  [l-(6. 875586  x  10  6)  u  ]5*255863 
Hp  ■  Pressure  altitude  (ft) 

8  -  (T  +  273.15) /288 .15 

T  ”  ambient  air  temperature  (*C) 

a  ■  Speed  of  sound  (ft/sec)  *  1116.45/6 

For  normal  operating  rotor  speed  of  324  rpm  the  following  con¬ 
stants  were  used: 

A  -  1809.6  ft2 
121  -  814.30  ft/sec 

A(tft)2  -  1.199891830  x  109  ft4/sec2 
A(i*)3  -  9.770728966  x  1011  ft5/sec3 

Shaft  Horsepower  Required 

15.  The  engine  output  shaft  torque  was  determined  from  the  engine 
manufacturer's  torque  system.  The  relationship  of  measured  torque 
pressure  (PSI)  to  engine  output  shaft  torque  (ft-lb)  was  deter¬ 
mined  from  the  engine  test  cell  calibration  shown  in  figure  1, 
appendix  C.  The  output  shp  was  determined  from  the  engine  output 
shaft  torque  and  rotational  speed  by  the  equation  below. 

2n  x  Np  x  Q 

SHP  -  _  (6) 


33,000 


74 


where: 


Np  “  Engine  output  shaft  rotational  speed  (rpm) 
Q  -  Engine  output  shaft  torque  (ft- lb) 

33,000  »  Conversion  factor  ( ft-lb/min/SHP) 


Airspeed  Calibration 

16.  The  boom  pitot-static  system  was  calibrated  by  using  the 
trailing  bomb  method  to  determine  the  airspeed  position  error, 
which  is  presented  in  figure  2,  appendix  C.  Calibrated  airspeed 
(Vcal)  was  obtained  by  correcting  the  boom  indicated  airspeed 
(Vj5  using  instrument  (AVic)  correction. 


'cal 


- 


bomb 


+  AV 


ic 


bomb 


(7) 


The  airspeed  position  error  (correction  to  be  added)  was  deter¬ 
mined  by: 


*pcK  “  Vcal  -  (V,  +  AVlc  ) 

boom  boom  boom 


(8) 


HANDLING  QUALITIES 

17.  Handling  qualities  data  were  collected  and  evaluated  using 
standard  test  methods  as  described  in  reference  8,  appendix  A. 

18.  The  Handling  Qualitlec  Rating  Scale  presented  in  figure  1 
was  used  to  augment  pilot  comments  relative  to  handling  qualities 
and  workload. 


VIBRATION 

19.  The  Vibration  Rating  Scale  presented  in  figure  2  was  used  to 
augment  pilot  comments  relative  to  vibration. 


DEFINITIONS 

Unsatisfactory  Characteristics 

20.  An  unsatisfactory  characteristic  is  defined  as  a  feature  of 
the  equipment  that  could  compromise  safety,  result  in  damage  to 
the  equipment  or  injury  to  personnel  if  operation  is  continued, 
or  jeoparidze  the  satisfactory  completion  of  an  assigned  mission. 
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Figure  1.  Handling  Qualities  Rating  Scale 


DEGREE  OF  PILOT 

VIBRATION  DESCRIPTION1  RATING 


1  Based  on  the  Subjective  Vibration  Assessment  Scale  developed  by  the  Aeroplane 
and  Armament  Experimental  Establishment,  Boscombe  Down,  England 


Undesirable  Characteristics 


21.  An  undesirable  characteristic  is  defined  as  a  feature  of  the 
equipment  that  reduces  efficiency,  results  in  increased  workload, 
or  provides  an  unnecessary  annoyance.  It  generally  should  not 
cause  an  immediate  breakdown,  jeopardize  safety,  or  materially 
reduce  the  usability  of  the  material  or  end  product. 
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APPENDIX  F.  TEST  DATA 


Figure 


Figure  Number 


PBDS  Activation  Cycle 
Power  Check. 

PBDS  Activation  Cycle 
Hover  Performance 
Level  Flight  Performance 

Control  Positions  in  Trimmed  Forward  Flight 
Maneuvering  Stability 
Controllability 
Low  Speed  Flight 


1 

2  and  3 
4  and  5 
6 

7  through  18 

19 

20 

21  and  22 
23  through  26 


Table 


Table  Number 


Monitored  Flight  Loads 


1  through  12 
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^Steady  state  oscillatory  endurance  Unit  »  N/A,  maneuvering  oscillatory  endurance  limit  -  N/A. 

Steady  state  oscillatory  endurance  limit  •  +23,900  ln-lb,  maneuvering  oscillatory  endurance  Halt  -  +  50,300  In. lb. 

Steady  state  oscillatory  endurance  limit  *  +750  lb,  maneuvering  oscillatory  endurance  limit  »  +  1750”lb. 


Table  2.  Monitored  Flight  Loads 
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Table  3.  Monitored  Flight  Loads 
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Table  4.  Monitored  Flight 
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Table  5.  Monitored  Flight  Loads 
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Table  6.  Monitored  Flight  Loads 
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Table  7.  Monitored  Flight  Loads 
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Table  8.  Monitored  Flight  Loads 
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Table  9.  Monitored  Flight  Loads 
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Table  10.  Monitored  Flight  Loads 


Table  11.  Monitored  Flight  Loads  (Third  Generation) 
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Table  12.  Monitored  Flight  Loads 
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•Steady  state  oscillatory  endurance  Halt  -  +200,600  In-lb,  maneuvering  oscillatory  Halt  -  +237,300  in-lb. 
‘Steady  state  oscillatory  endurance  limit  -  N/A,  maneuvering  oscillatory  limit  •  M/A. 

^steady  state  oscillatory  endurance  Halt  -  +37 ,5001n.-lb,  aaneuverlng  oscillatory  Halt  -  +*34,000  ln-lb. 


APPENDIX  G.  PHOTOGRAPHS 


Photograph 


Photograph  Number 


Artificial  Icing  Environment  1 

Deice  Cycle  2 

Deice  Cycle  3 

Deice  Cycle  4 

Deice  Cycle  5 

Ice  Remaining  after  Single  Deice  Cycle  6 

Ice  Remaining  after  Successive  Deice  Cycle  7 

Self  Shedding  of  Noninf latable  Section  8 

Debonding  of  Noninf latable  Section  9 

Debonding  of  Hose  and  Flap  Assembly  10 

Rupture  of  Inflatable  Section  11 

Pneumatic  Hose  and  Damper  Control  Tube  12 

Abrasion  of  Damper  Control  Tube  13 

Lumps  in  Inflatable  Section  14 

Depression  Created  by  Missing  Manifold  Material  15 

Cuts  to  Remove  Manifold  Material  16 

Repaired  Cuts  17 

Impact  Damage  to  Inflatable  Section  18 

Water  Pockets  Under  Deicer  19 

Damage  to  Tail  Rotor  Blade  20 
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Photo  2.  Deice  Cyc 
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Photo  4.  Deice  Cycle 
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Photo  5.  Deice  Cyi 
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Photo  6.  Ice  Remaining  after  Single  Deice  Cycle 
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Photo  7.  Ice  Remaining  aft;r  Successive  Deice  Cycle 


Photo  8.  Self  Shedding  of  Tip 
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Photo  9.  Debonding  of  Noninf latable~ Section 
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Photo  10.  Debonding  of  Hose  and  Flap  Assembly 
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Photo  11.  Rupture  of  Inflatable  Section 


Photo  12.  Hose  Assembly  and  Damper  Tube 
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Abrasion  of  Daap«r  Control  Tube 
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Photo  15.  Depression  Created  by  Massing  Manifold  Material 
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Photo  16.  Cuts  to  Remove  Manifold  Material 


Photo  18.  Impact  D< 


Photo  19.  Water  Pockets  In  Deicer 


Photo  20.  Damage  to  Tall  Rotor  Blade 
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